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Or, a ſhort, eaſy, and methodical Way to become 
þ complete, NAVIGATOR and ASTRONOMER, 


Containing an INTRODUCTI ON to 


DECIMAL and LOGARITHMIC ARITHM ETI 
PRACTICAL GBOMETRY, TRIGONOMETRY PLANE and SPHERIO, 


Geometrically, and Logarithmically, with their U S ES in NAVIGATION, viz. 
Plane, Mercator's, and Middle Latitude Sailing, Geography, and 
„ Navtient Aſtronomy; illuſtrated with Charts and Dag 


With an INTRODUCTION to 


The LUNAR METHOD of determining the LONGITUDE at SEA. 


Mercator's Chart, alſo of Hadley's Octant and Sextant. 


A. TABLE of the LATI TUDE and LONGITUDE of PLACES; 
j ables of Latiegde and Departure to every Quarter Point and Degree of. 
the Compats to 300 Miles Diſtance „ 


A Table of Meridjonal Parts, Solar Tables, Nuit Hay ac. a 48 
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A TABLE of 90, 280 LOGARITHMS, and LOGARITHMIC eines 
TANGENT sõ, and SEC ANT S. | 
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BOOKS of NAVIGATION, 
SEA- CHARTS, cee 


Printed for MOUNT and DAPIDSON on Tower. lil. * 4 


RE AT Britain's Coaſting Pilot, by Capt. Grenville Collins 
Coaſting Pilot for England, Scotland and Holland. 
S9uthern Pilot for the Channel, and Coaſt of Europe. 


Pilot for the Northern Navigation. 


Pilot for the Mediterranean, with Michelot's Directions. 
Pilot for the Coaſt of Africa. 

Pilot for the Eaft-Indies. 

Pilot for America and the Weſt-Indies. 


Diſton's Charts from London to Lynn Deeps and the Humber, 


A complete Set of Charts for the Sea-Coaſt of France, 


An Epitome of the whole Art of Navigation, containing an eaſy methodica 


Way to become a complete Navigator, by James Atkinſon. 


Shirwin's Tabies of Logarithms from 1 to 109000. 


The Mariner's New Calendar, by Nathani 1 Colſon. 


The Seaman's Vade- mecum, or Defenſive War by Sea, by William 


Mountaine, F. R. 5. 


The Read; 5 Obvſetvator, or an infallible Mathod for aziermining the 


Latitude at Sea, by Dr. Falck. | 
Navigatio Britannica, or a compleat Syſtem of Navigation, in all its 
Branches, both with regard to Theory and Practice, by J. Barrow. 
The Seaman's Daily Aſſiſtant, by T. Haſelden, with che Solar 'Tables. 
Navigation New Modelled, by Henry Wilſon. | 
Mariner's Compatis ReQifed, by Andrew Wakeley. 
he Practical Sca Gunner's Companion, by William Mountain, F. R. S. 
gieath's Royal Aſtronomer, and Navigator. 
Stup Builder's Aſſiſtant, or Marine ArchiteQure, by William de and. 
Ute of Coggerihalls Sliding Rule, and Deſcription of Scamozzi's Line. 


Mathematiclan's Com panion » by J. Adams. 


Where alſo may be had Sea-Charts for all Parts of the World, Sea- 
Journals, Log-Books, o-Books, Paper, Books, and other 


lica 
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NAVIGATION and ASTRONOMY. 
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5 * general Approbation of this book, ſince its firſt impreſſion in 
1686, is ſuch a proof of its utility, both to the teacher of, and 
ſtudent in navigation, as to render an encomiaſtic preface unneceſſary. 

The preſent reviſer, having been eight years in the ſea ſervice, and 
twenty-ſeven a teacher of this art, has enabled him to rectify what was 


amiſs; alter and explain what was obſcure; ſtrike out what was 


not abſolutely neceſſary, and copiouſly to add where it was wanting, 


particularly an introduction to the ſeveral practical improvements navi- | 
gation has received ſince the year 1767, for which we are indebted to 


the united efforts of different maritime nations, and to none more than 
our own, eſpecially to the officers in the ſervice of the Honourable 
United Company of Merchants trading to the Eaſt-Indies, who have 


- Laboured moſt to bring the theory into practice. 


ADVERTISEMENT. 


HE problems, theorems, rules, &c. are ordinarily numbered thus 
I, 2, 3, 4, &c. and the numbers in a parentheſis thus, (17), (161, 


refer to that problem or article ſo numbered, either for ſake of elucida- 


tion, explanation, or of aſſiſting the memory. his N 
As many perſons may not have time to proceed regularly in their 
ſtudies, ſuch parts are pointed out which the ſtudent may omit til! 


future opportunity or inclination may lead him to make a further progreſs. 


The candid reader will excuſe many errors of the pen and preſs, alſo. 


2 too confidential reliance on the authors from which ſeveral uſeful 


additions have been taken, for the advantage of this work ; in which 


he will find improvements many and various, and ſo obvious, that an 
enumeration of them is unnecellary. 
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The CONTENTS are as follow: © 
A Short introduction to decimal and bgarithmic arithmetic; alſo 


to cleſer methods of calexlation by the kegorathpuic fines, 
- tangents, &c. - Th - + - >.» MG» 


r , ˙ C' 


Plane trigonometry, in which are many uſeful notes and 
definitions, with the axioms, and alſo the caſes depending on each 


11177 ᷣ = = = <<: $f $5 = 


The Gregorian or New Calendar, ſbewing how to find the 
# prime, epact, dominical letter, Eaſter-day, the moon's age, 
8B ſouthing, time of full ſea, or high-water, and uſe of the plane 
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Right-angled triangles, relating to a ſingle courſe, called the 
. fix cafes of plane failing JJ ĩ ðVé eo Ong” 


r TE ol 


* 


Obligue failing, in which are various queſtions; in turning to 


windward, and ſailing eee, or er ets, - 


Mercator's ſailing and chart, and the uſes of it, with the 
different caſes in ſailing by it, triganometrically ſalved; with the 
two meſt uſeful problems of ſailing by the middle latitude = = = 


. the ſubſtance of an examination which every candidate for a com- 


LIT > 35 appointment T © 6 4A ONE 


8 Nan geometry, hewing how to Wer a Hie triangle, 
and meaſure its parts; alſo ſberic trigonometry, with all the 
aw and caſes, both relangular and oblique ee. FN 


Practical! geometry, explained by definitions, problems and 


Right-angled triangles, relating to ſeveral courſes, called a 


The Yourg Sea Officer's Aſſtant, in managing a ſhip, being 


miſſion i in the Navy, or Eaft- India ſervice, muſt neceſſarily 50 a 
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I to 13 


5 14 to 20 
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67 to 79 
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| Geographical 
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degree of the quadrant, ay 300 miles diſtance. 


9. 
Geographical Definitions, with a Table of the Latituges and n gers 
Longitudes f Places, and the application . Trigo- 180 oi 


nometry to | geographical Problem- nne 


130to 152 
uſeful in navigation = 7. e 


To find the variation of ti tbe ai aud to NR" » th courſe 458304 5 


ther) x 


Spheric trigonometry, applied in fundry EOS problems * A 


N an RI either of : the ſun, moon, or tar; how it 


vation. — — — - — - _ — a — — — — — — — 


neceſſary adjuſtments before obſervation, and particular directions 
in uſing them to determine altitudes and diſtances = - 


Nautical aſtronomy, containing much uſeful knowledge, and 
an eaſy introduction to the lunar method of determining the 


172 to 185 
longitude at ſea = = = =o = = = - = = == | 


The form of keeping a ſea reckoning or journal, with rules Y _ 
186 tœ 207 


and directions how to correct the reckoning, and an example of 


The uſe and deſeription of the Oftant and Sextant, with their = 4 


# ſeven days journal and explanation = = = = = = = 
TO WHICH ARE ADDED, 
A table of natural ſines, to every degree and minute of the quadrant. 
Solar tables, or tables for determining the latitude by two altitudes. 


A traverſe table, to every quarter point of the compaſs, and 300 miles 
diſtance. 5 © 


A table of difference of Leica and departure, or worth rob to every 


A table of meridional parts, to every degree and minute of latitude. 


4 


( 
' {table uns declination to every dey in the year, 
Aub! of amplitudes. | 

4 table of logarithms, from unity to 10,360, with proertmal pers 


| 4 table of logarithmic fines, tangents and ſecants to every minute of the 
|  guadrant, andthe Supplements to 180 degrees, with mean re parte 
to * 5 ſeconds, and 10, oooooo radius. | 


; N. B. Tue logarithmic Tables are fold ſeparate, = the uſe of Mathe- 
| maticians, Surveyors, &c. 


A table of natural ſines, tangents DADE 1 „ 
and with the ſame improvements, will be ſpeedily publiſhed, 
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100, or 1000 parts, the figures after the 


JE taken, which is 


of the integer; if two, hundre 


hundred and twenty-five thouſandths, &c. - 
N. B. Cyphers after a figure or figures that 


firſt denotes the integer divided into 10 


alue ; as .5—.05—.005 reſpettively exprefs 


— 


| 8 
pound, degree, &c. it is: Thus, 12.5 pounds 4 | 
2 pound ; that is, a pound is ſuppoſed to be divi | 

the decimal point, expreſſes 5 of thoſe parts, or juſt half a pound. 12.25 miles, 


ſignify 12 miles-and 25 hundredths of a mile; that is, the decimal — expreſſes 
quarter of a mile, or a mile divided into a hundred parta, 5 


— 


of DECIMAL ARITHME 


— 


TIC. 


- 


E CIM AL Fractions, are units divided into 10, 100, 1000, &c. parts. 
If the unit or integer, a pound, degree, or mile, &c. be divided into 10s 


int expreſs what part of a 

I: ds and 5 tenths of 

12 poun Jp — 

7 5 

of 2c are to 
or 


juſt a quarter; and 12.75 expreſſes 12 and three quarters, o 
75 hundredths of any integer; 12.002 is 12 and 2 thouſandths of any integer 8. 
and univerſally, if there be one figure after the decimal point, it expreſſes tenths 
She; If thaves. thoakn ths ; if four, ten thous _ 2 
andths, &c. that is, the integer is ſuppoſed to be divided into ten, an | Y 
2 thouſand, &c. parts, of which ſo. many are to be, taken as the figures after te 
decimal point expreſs; . 2 is two tenths ; . oz is two hundredths, and . 123 is an 


expreſs a decimal, neither increaſe 

nor decreaſe the value of it; for, 5. 50. 500. . all expreſs half any thing, the 
parts, of which 5 are to be taken; the 

econd, the integer divided into 160 parts of which 50 are to be taken; and the 

ird, into 1000 parts, of which god are to be taken. But-cyphers immediately 


after the decimal point preceding the figure or figures of the decimal, decreaſe the 


F parts of ten, five parts of an 
ES FER ur 


the integer is ſuppoſed to be 


"ADDITION of DECIMALS, | +. 
E T the numbers be placed according to their value, as 


tens under tens, &c. in whole numbers; and in decimals tenths under tenths, 
undredths under hundredths, &c. then work as in whole numbers, always 


emembering to make as many places of decimals in the ſam total, 35 the greateſt 
lumber thereof in any one line in your example. do BR 


„ 45:94 6.97 
N „371 | 21.6 / a i 3.81 7 
201 1 8 9 
| — ; | , | —— —— 
£3:236 72.09 112 een 
i — . ——̃ | 
2 SUBTRACTION: | 
A * * a 55 0 7 1 ; | 
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DECIMAL ARITHMETIC. 


Place your numbers as directed in addition, then work as in whole numbers, 
5 Examples . 
enn „ee 5198 1. 54. 
3 1499 o. 987 6.9843 
Remains . 194 4699 0.013 47.0157 


4 


02 


FL TITPLICATION. 


The work is the ſame as in whole numbers, always remembering to ſet off as M 
many decimals in the product as there are decimals both in your multiplicand and Nhe; 
multiplier, and if you have not a ſufficient number in your product, then prefix 


as many cyphers as you want. H 
| Examples. Examples. 
3416 04918 3724 131461 
437 9037 12.23 2132 
23912 34426 45545743 0280274852 


126392 80181966 


— 
„ —Ä — 
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— — 
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Divide as if all were whole numbers, annexing cyphers to the dividend if need 
be; and when you have finiſhed the operation, point off for decimals ſo many 
places as the decimal parts uſed in the dividend exceed thoſe of the diviſor, and 
thoſe to the left of the.decimal point, if any, are whole numbers. 

If the places in the quotient are not as many as the above rule requires, ther 
ſapply the defe& with cyphers on the left-hand of the quotient. 


Examples in all its Varieties. 


246) 160. 884.65 4 Quotient. | 246)16.0884(.0654 
by 1328 2.46) 1608. 84654. 
984 2.46) 16.0884 (6.54 
— 2.46) 160884. 00(65 400. 
| (9) +0246) 160. 884065 40. 
TD 0246). 160884 (6.54 


A vulgar fraction ĩs part of an unit, or integer, expreſſed by two numbers, the 
one ſtanding above the other with a line between them; the lower number, calle 
the denominator, denotes how many parts the integer is divided into; and th 
upper number, called the numerator, how many of thoſe parts are to be taken 
thus x ſignifies a quarter, that is, it denotes” the integer, one pound, mile, &c 
divided into four parts, one of which is to be taken. , denotes the integ: 
divided imo 16 partes thret of which are to be taken. | _” 
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DE CIMAL ARITHMETIC. 1 


To reduce a Vulgar Fraction to a Decimal.” 


Put a decimal point after the numerator, affix cyphers at pleaſure, and divide 
rs, Wit by the denominator. _ | | F: 
EXAMPLES. 


Reduce 4 to a decimal. 


75 the decimal equal to? | 


| Reduce 45 to a decimal. 
31018. Oo.. 4839 the decimal equal to 41 nearly. 
To reduce a Decimal to its proper Quantity. f 
as WM Multiply the decimal by the number of the next leſs or required integers, in 


and he greater. R x 


-4 


efix Reduce . 75 of a degree into miles, 
Here 60 miles, the required integers, make a degree, the greater integer, 
75 * 
| 8 
a 45.00 which is 45 miles juſt, = 
Reduce ,85 of a degree into leagues. 
85 
i 20 85 


16.00 that is 16 leagues. 
Reduce .44 of a degree into miles. 


+44 
60 


26.40 that is 26 miles and 4 tenths. 


Oftentimes it will be ſufficient to eſtimate the value of the decimal from the 

nths, or the figures immediately following the decimal point; thus, . o and . 1 

day be eſteemed of no value; .2 and. 3 a quarter of the integer; . 4 or. 5 and .6 

alf; .7 and .8 three quarters, and. 9 another integer: thus 9.07 miles may be 

lled 9 miles; 8.23 miles, 8 miles and a quarter, 9. 52 i miles, 9 miles and an 

41 7-8. degrees, 7 degrees and three quarters, or 7d. 45m. and 6.95 miles 
es. : 


= — _ WP. 
To reduce Time into Degrees, Minutes, &c. of the Equator. 
Put down the hours, and half the minutes and ſeconds. — 
ultiply the hours by 30, and to the product add the minutes put down, to 


ich ſum affix the ſeconds, if any; this ſum will be the required are in 
grees, minutes, &c. 


1 B. To multiply by 3o, multiply by 3, and ſuppoſe a cypher in the place of 


EXAMPLE I. 
Reduce gh. 160 36// into degrees and minutes, 


* Y wn 
2 
2248 18 


Makes — 224d. gm. EXAM- 
| Az - 


"gt _ 


DECIMAU ARITHMETIC. 


BXAMPLE If. © " EXAMPLE III. 
Reduce ah. 15/ 31 3 | Reduce: * 54/ 20% into degrees and 
minutes and ſeconds. minutes. 
2 7 -49 30 | o 27 10 
3 L 3 
267 49 30 | 2)27 10 
—— — 12 
Makes 33d. 54m. 45). (¹: Makes 13d. . 8 
To reduce Degrees, Minutes, c. into Time. * 
Multiply the degrees, minutes, &c. by 2, then divide the degrees (onl 22 
he grate by zo, to find the hours; the remainder will be half f the - (only) 6 
EE. &c. to be affixed to the hours. N. B. To divide by 30, cut off th A 
units place of the degrees, and divide by 3. 
KXAMPLE-T 
Reduce 1249 97/ into time. I 
3 pro 
3)24,3 18 "rap 
3 8 18 ob, 
2 wit! 
16 35 the 
Makes th. 160 36” * 
n 
EXAMPLE II. EXAMPLE III. the 
| _—” d 
Reduce 33“ 54 45” into time Reduee 130 35/ into time ¶ are 
a 2. 
3)6,7 49 30 302% 10 
— — : | ——— i I 
257 49 30 1 % bee 
b - leſs 
———ů gs — Fl — on 
1 39, * h 54, 20 tabl 
Makes 15 5 1 8 | Makes ch. 54/ 20// the | 
r will be found ur gratis tots © F 
Slade for the fame purpoſe. | 
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Logarithmic Arithmetic. 


'UMBERS or quantities are faid to be in arithmetical progreſſion when 
they differ by the continual-addition of a certain quantity; as g 
O. I. 2. 3. 4+ 5+ 6. &c. differing by the continual addition of 1. and 3. 6. g. 

12. &c. by the addition of 3. | P be | 
Geometrical progreſſion is when numbers or quantities differ by the continual 
multiplication of a certain quantity, as ET | | 

1. 2. 4. 8. 16. 32. 64. Kc. by the continual multiplication of 2. And 1. 10. 
100. 1000. 10000. &c. by the multiplication of 10. | 

Now, take any ſeries ot numbers in arithmetical progreſſion beginning with o; 
and 2 correſponding ſeries of geometrical numbers beginning with 1, the former 
ſeries will be logarithms to the correſponding numbers in the latter, thug 


o. f. 2- 3. 4. . 6. 7. &c. logarithms. 
I. 2. 4. 8. 16. 32. 64. 128. &c. numbers. 


Here 0. 1. 2. 3. &c. are the logarithms of 1. 2. 4. 8. &c. and the following 
properties are to be noticed. Firſt, if 2 and 3, the logarithms of 4 and 8, be 
added together, their ſum 5, will correſpond wath 32, the produ of 4 multiplied 
by 8. Secondly, if from 7 (the logarithm of 128) be ſubtracted 3 (the logarithm 
of 8) the remainder 4, will correſpond with 16, the quotient of 128 divided by 8. 
Thirdly, if 6 the logarithm of 64) be divided by 2, the quotient 3, correſponds 
with 8, the ſquare pot of 64. Fourthly, if the ſame logarithm be divided by 3, <3 
the quotient 2 will Forreſpond with 4, the cube root of 64. It may be noticed 
here that the logarithms of the numbers between 4 and 8 are wanting; and that 


2 


utes 


F th 


they muſt. bg grealf than 2, but leſs than 3; and that the logarithms of the 
numbers between s and 32 muſt be greater than 4, but leſs than 5; and ſo of 
the reſt. aa. 

Now che 


Fagrenient ſeries, to which all the modern tables of logarithms 


ume are cales 2 d he following. a 
. 


1 7 * \ 5 1 . 5 
„10 100 1060 10000 100000 &c. numbers. 


| In whithy 95 6 e Pgarithms of numbers between 1 and 10, are greater than o 
dut je d all the logarithms between 10 and 100 greater than » but 
leſs than , odo and 1000 greater than 2 but leſs than 3; and between 

oo and 188K ater than 3 but leſs than 4 &C. as may be ſeen in the 

23 part of this book, or in Sherwin's mathematical tables, where 
0d *yftruction of logarithms is copiouſly handled. 

The, logar Fin the above ſeries are called indices, (vulgarly indexes) which 

ones and the decimal part only put down; for inſtance, if you 

& 10S of 1728, you will find 237344, then 3, the index; as it is 

called, e logarithm of 1000, is to be prehxed, and 3, 237544 will be the 

logarithm of 1728. Hence, the mechanical rule to know the index, viz. it muſt 
always be one leſs than the figures counted in the integral number, and on the 

A. the figures in the integral nymbers muſt always be one mor e than the 


1728—3,237544 1728, 9, 237544 
172.8—2,237544 »0172 . 


1728— 1,2375644 ln 7237 
AS; "= "Rs 


Ul 


The log. of 17280 is 4,237544 | The log. of - 1,728 is o, 237544 


6 LOGARITHMIC ARITHMETIC. 
| a VAR | 
To find the logarithms of numbers, and the numbers belonging to logarithms, in 1 
4 he . * : 
To find the logarithm of any whole or integral number leſi than 100. 
Look for the number under N in the firſt page of the logarithmic tables, then 
directly againſt it you have its logarithm with the proper index. The Jog. of 6. 
bs 1,806 180. 75 
To find the log. of any whole number between 100 and 1000. 
Look in the firſt column of ſome of the following left-hand pages under Num. 
and againſt the number under o you have the log. with its proper index. Th 
log. of 365 is 2,562293. | 
To find the logarithm of any whole number between 1000 and 100. 
Seek the three firſt figures under Num. in the left-hand columns, then direct! 
under the fourth figure, at the top of the tables, is the logarithm required, whoſe 


index muſt be 3, inſtead of 2. Thus, the log of 5732 is 3,758306, and the log. 
of 5876 is 3, 769082. : 


nu 


wh 


| To find, nearly, the logarithm of any whole number between 10000 and 100000. 
Find the logarithm of the four firft figures as before taught, to which add the 
proportional parts at the bottom of the tables, which ſtand under the fifth figure 
- of the given number at the top of the tables, the ſum will be the logarithn 
xequired, but the index muſt be 4. | 


What is the logarithm of 5876; ? 


— 


To find the logarithm of any number from 10000 to 10860, nearer truth : an by t 
LS preceding precept. 

Seek the four firſt figures in the left-hand columns of the four laſt ages of the 
logarithms, then, directly under the fifth figure at the top of the tables, is th: 
logarithm required. Thus, the logarithm of 10256 is 4,010978. 

Vj To find the logarithm of any mixed number. 


Find the logarithm exactly the ſame as if it were a whole number; but remembe: 
that the index muſt always be one leſs than the figures counted in the integral pari, 
that is, one leis than the figures before the decimal point. e 

The log. of 587,6 is 2, 769082. 
of 58,76 is 1,7769082. 
of 5,876 is o, 769082. 


To find the number arſeuering any logarithm to four places of figures. 


Seek, in ſome of the left-hand columns under o, the next leſs logarithm, note 
the number againſt it, and carry the eye along that line, till you find the neareſ 
leſs logarithm, either in the left or right-hand page, and you will have the fou 
figure at the top of the table: The index of the logarithm will point out where 
the decimal point muſt be placed, Thus the number anſwering to the logarithms 
4.84562 1 is 70080 1, 845621 is 70,08 
3,8458621 is 7608, 0, 845621 is 7, oo8 
2.845621 13 700% 9.845621 is ,7908, &c. 


of 


LoGARITHMIC ARITHMETIC. is 


The number taken out by this precept will be the neareſt leſs number. 


To. find the number anſwering any logarithm to five places of figures nearly, 
Find the neareſt leſs number as before taught, and take the difference between 
its logarithm and the given logarithm ; the neareſt number to this difference being 
| found among the proportional parts to the mean difference of the two pages, at 
the bottom of the tables, you will have the fifth figure at the top directly over it. 


What is the number anſwering to the logarithm 
3,8485621? 


5 . 


The next leſs log. 35845 594 its number yoos. : | 


Difference 27 | 


Over 26 (the neareſt parts) is 4, the fifth figure which makes 7008, 4 the 
number required, 1 


To find the arithmetical complement of any logarithm, 55 
Subtract the index and all the figures from 9, except the laſt ſignificant, figure 
which take from 10 ; but if the index be more than 9, ſubtraR it from 1 ge... 


W hat is the arithmetical complement of 
3845021? 


6,1 54379 Co. ar. or arith, comp. 


What is the arithmetical complement of 
Y3 82 4570 * 


o, 175430 Co. ar. 


MULTIPLICATION BY LOGARITHMS. 
CATE 1 
To find the product of two given whole or mixed numbers, 


Find the logarithm of each given number, and their ſum will be the loparithm 
of the product, whole correſponding number taken from the tables, is the 
Example 1. | Example It. 


Multiply 84 Log. 1,924279 | Multiply 41.5 Log. 1.618048 
by — 25 — — 1:397940 [ by — 7.24 —- — 0.859739 


— — 22 


Produkt 2100 — — 3.322219 Produkt 300.4 — — 2777787 


— — — 
W ** * 


DIVISION BY LOGARITHMS. 


| C A8 B. I. 
To divide a whole or mixed number by a whole or mixed number. 
From the logarithm of the dividend ſubtract the logarithm. b cri and 
te remainder is the logarithm of the quotient oY * * ; 
; A4 Example 


- 


"4 


* Y 1 of Fe 2 
* 5 
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KY 1 k 
N wh 


_ WY OE ee Example II. | 
s. 2 — Log. 2. 795195 Divide 1221 Log.=3.086716 6 
1 5 44973 by — $1.4 — 81.910624 
; 85 N 24 — — 1.380212: | Quotient 1 — 21.176092 
. To ſquare, eube, Sc. any given number by togarithms. 10 
3 „ 
: Multiply the logarithm of the given number, by the index of the power ſought. : 
Note, 2 is the index of the * E ſecond _ 3 is the index of the cube, 
or third power, Al 
Example I.» Bxemple II. » 
" Whit is the ſquare of 5 1 j What is the cube of 12 o 
1 — =! 7 | 12 logarithm — 21.079181 ] 
"Os —_ =3-415140 | Cubeis 1728 | 3.237543 
—— — [| | — _ ( 
PROBLEM VI. 8 
Do ertract᷑ the roots in logarithms, 5 
| . 
"Ml This i is only the reverſe of the former rule, namely, divide the logarithm of 
the given number by the Propoſed hex, the number anſwering to the quotient 
Wis the required root 
3 Example = Example II. 5 
= What is che ſquare root of 144 What is the cube root of 1728? 
W144 logarithm =[z.158362 | 1728 logartm =13-237544 
| [ - - Anſwer 12 81.718 | Anſwer 12=1 ort f 
1 x 7. extrads the ſquare or cube root of @ decimal uus. 7 
9 | ſs 69 Ye ima} ine tor ons Hoe tot, and 2 for the cube root, then 
y | Mats the ſquare roo of 144 | Whatisthecuberootof 00017282. 
i [! ST. 146 | : : 
| aki 55 158362 | «0001738 logarithm =[26.237544 | 
* fs = 947 — | - Root0577 = 8. 745848 | 
n , To ayork the rule of three by ogarithins, © 


| . 2 of the ſecond and third terms together, from which ſum 
FF Add the 25 gfe ge tom „ the remainderwi be the logarithm of the 


a Ow 


** 


t. 


f 
14 
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-Of the SIN ES, TAN GEN TS and SECANTS. | 


To find the Iogarithmic fine, tangent, or ſecant of any degree and minuſe. 
If the degrees be leſs than 45, ſeek them at the top of the tables, then againſt 
the minutes in the left hand columns, under the words fine, tangent, ſecanty 
reſpectively, you will have the logarithm. | | 
i the degrees be more than 45, ſeek them at the bottom of the tables, then; 
againſt the minutes in the right-hand columns, above the words fine, tangent, | 
ſecant, you will have the logarithm. | | 
If the degrees be more than 90, and leſs than 135, ſeek them at the top of 
the tables, then againſt the minutes in the left-hand column, under the degrees | 
ſought, you will have the logarithmic fine or tangent required. | 
it the degrees be more than 135, ſeek them at the bottom of the tables, then 
againſt the minutes in the right-hand columns above the degrees ſought, you will 
have the logarithmic ſine or tangent ſought. ——N. B. There are two pages to 
every degree, the firſt contains the fiſt 30 minutes, the other the laſt 30 minutes 
of each degree. „ | 2 
The log. fine of 37 200 is 9.782796 | The log. tan. of 52 50 is 10. 120269 
of 52 40 is 9.900433 | The log. ſec. of 37 40 is 10. 1016 
The log. tan. of 37 10 is 9.879741 | of 52 20 is 10.213906 
Here it may be obſerved, that the logarithm of the complement of any angle 
(that is what 1t wants of go degrees) may be taken out, if neceſſary, at the fame 
opening of the book; for the fine of 529 4o/ is the co-ſine of its complement 
37® wy ; and the ſine of 370 2o/ is the co-fine of 529 40/; the ſame of the 
tangent, co-tangent, ſecant, and co-ſecant. | 2 
| OE 
The log. fine of 127 : 15 is 9.900914 
142: 45 — 9.781966 
The log. tang. of 127: 45 — 10. 111100 
142: 15 = 9.888900 ; 
Here alſo it may be obſerved, that the logarithm of the ſupplement of any angle 
(that is what the angle wants of 180 degrees) may be taken out without dubtracting | 
the given degrees from 180 degrees, for 1279 15/ is the ſupplement of '529 4% 
and 1422 45/ is the ſupplement of A 157%, and the ſupplement of 1429 45/ in | 
37? 157, Kc. but theſe things will be better underſtood when the reader has, | 
proceeded to trigonometry. | | 2 


To find the degrees and nearęſt minute anſwering to any logarithmic fine, tangent, on-\ 
ſecant, | ; | 4 

Seek the neareſt logarithm either under or above its reſpective word, obſerving, 

if it encreaſes downwards, it correſponds with the leſs number of degrees at t 

top of the table, and the minutes are in the left-hand columns 3 or with the 
greater number at the bottom of the tables, and the minutes in the rightehand } 
columns ; but if the logarithm increaſes upwards, that it correſponds with the; 
leſs number of degrees at the bottom of the table, and the minutes in the right- | 
hand columns, or with the greater number of degrees at the top of the tables, 
and the minutes in the left-hand columns. The data, or conſtruction of the 
_ * immediately determine whether the greater or leſs number of degrees 
to be taken | 1 1 9 | _” 
The degrees and neareſt minute correſponding with the logarithmic fine | 
9.724632 will be found thus: | ; ___ - —_—_ 
The neareſt logarithm under fine, is 9.724614 increaſing downwards, therefore. 
correſponds with 32* 2/ if the angle be acute, but with 1472 59/ if the wh | 
1 0 N | | ; 2 


br obtuſe 


- 
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= The degrees and neareſt minute correſponding with the logarithmic tangent 
| 10,199541 is found thus: | 

© - The deareſt logarithm above tangent 1s 10,199443 increaſing upwards, there- 
= fore correſponds with 579 43/, or with 1229 17/ reſpectively, as the angle is 
—— „„ 

I more examples be neceſſary, the reader may refer to plain trigonometry, 
is 25/5 an — article DS hl the latter part of woke 3 9. as oy 
| e 


= degrees and minutes correſponding with the ſecant of an angle are found 
= in the ſame manner, but the ſecant of an obtuſe angle is never uſed, 

I The logarithmic co-ſecant ſtriking out the 1 in the index, is the arithmetical 
= complement of the fine, and in theſe tables it is placed next to it, ſo that the 
| arithmenical complement of the fine of any angle is immediately taken out, 
without ſubtracting each figure from 9, as before taught. 

i As ſometimes in printing, a type may not take place, and a figure be dubious, 
may not be amiſs, here, to obſerve that the firſt and ſecond columns; the third 
= and fourth; and fifth and fixth ; are the arithmetical complements of each other; 
= therefore the firſt, ſecond, third, &c, figure after the index, being added to the 
== firſt, ſecond, third, &c. figure of the other column, will always make g, except 
wie laſt figures (not ſo material) which ſhould make 10, but will always make 
20er 10. bar fall the learner may omit, except he be defirous of a ſolution to 
_ ſeconds, which are neceſſary only in ſome caſes of nautical aſtronomy. 

= To find the logarithmic fine or tangent of any angle leſs than 3 degrees true to a fecond. 
Take the logarithmic ſine or tangent to the neareſt degree and minute: ſub» 
Ml therefrom, the common logarithm of the number of ſeconds in the degrees 
WF and minutes taken; then to the difference add the logarithm of the number of 
Eg ſeconds in the angle given. 

"ll Required the fine of 29 38/ 54//. 

Sine of 2? 340 — — — — — $,664968 

Logarithm of 9540 =2% 39) — — 43,979548 


[ll Difference —w— — — 4685420 
1 Logarithm of 9534/29 38/ 54/7 — 3, 979275 


The fine of 29 38/ 54/7 — — 8, 664695 


wm theſc tables the difference is given at the bottom of the tables to every g 
minutes both to the ſines and tangents up to 3 degrees, that for the fine in the 
WE left-hand page, and that for the tangent in the right-hand page; the index, and 
che three firſt figures ſtanding under the column of minutes, and the latter three 
WE gures under their refpective minute. 

we | 6 Required the tangent of 20 20/ 35%. 


At the bottom of the tables belonging to 2 degrees, under 

2 is 815, which affixed to 4,685 under the column of 
1 — —,— — — A468; 
The log. of 8435 7=29 20 357 — = — — 3.926085 


The log. tangent of —2 20 35 = —— ww — 8. 611900 


1 | De logarithmic fine * tangent, leſs than three degrees, bei wen to find th 
wht | "og / degrees, minutes and ſeconds, , 1 120 y 
Find the degrees and neareſt minutes as before taught, then from the given 
logarithmic fine or tangent, ſubtract the difference correſponding, with the neareſt 
FL Ny | b minutes 


4 , 


ſ 


© (0 F* (3 ve hav 
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minutes found at the bottom of the tables for the ſine or tangent reſpectively, the 
remainder will be the common logarithm of the number of ſeconds in the angle. 


What degrees, minutes and ſeconds, correſpond with the logarithmic ſine of 1 


8.664695 ? 


The neareſt logarithmic fine is 8,664968, which correſponds with 28 30% 


The difference at the bottom of the tables is 4,6685418, the index, and the threes 
firſt figures being taken under the column of minutes, and the latter three figures 


under 40/ the neareſt to 39”. 


Then, from — — — 8,6664695 
Subtrat— —— — — 4.685418 


The log. of 9534 — — — 3979277 „ 

Which reduced gives 20 38 54%. | | | 

To find the logarithmic fine or tangent of any angle between 3 and 8 degrees, nearly 
Find the logarithm to the neareſt degree and minute, then take the number 


correſponding with the neareſt minute at the bottom of the tables, which 2 
by the number of ſeconds more, or leſs than the neareſt minute, the product added 


to, or ſubtracted from the logarithm of the neareſt minute reſpectively, (as the 


1 was taken more or leſs than juſt) will give the required logarithm 
nearly, | | | 
Required the logarithmic fine of 60 32” 20“ 
The log. fine of 69 32/ is — 9,056071 
The number to 32 is 18, which mul- 8 
tiplied by 20// gives 3 


The ſine of 69 32 200! —— — 9.056431 
Required the logarithmic tangent of 69 32' 50 
The log. tangent of 600 33/ is — 9, 060016 


The number to 33/ is 18, which 1 


tiplied by 10 gives — —- 180 


BIO RS — 


The tangent of 609 32/ 50//, nearly, 9,059836 1 
Fo find the degrees, minutes and ſeconds, correſponding with any lagaritbhaic fine & 


tangent, between 3 and 8 degrees. 


Find the logarithm of the neareſt leſs degree and minute, and ſubtract it fro 
the given logarithm, the difference, divided by the number at the bottom of wil 
tables correſponding with the neareſt minute, will quote the number of ſeconds lt 
be affixed to the degree and minute found, | | 3 


What degrees, minutes and ſeconds, correſpond with the logarithmic fine of 


5 9,012770 
The log. fine of 5% 54/ is — — 9g,011962 


The difference — — — — 814 
Which divided by 20, the number correſponding with 55/ (the neareſt 54) A 
the bottom of the tables, quotes 40“ to be affixed to 5 54/, that is, 5 5 40 

To find the logarithmic fine or tangent of any angle between 8 and 82 degrees. | 
Find the logarithm of the degree and minute, to which add the numbe 


correſponding with the ſeconds, it they be leſs than 30; but if more than 
find the logarithm of the next greater minute, from which ſubtract the numbe 


correſponding with the ſeconds wanting to that minute. 


4 FY 
wi« 4 


4 


\ , 


ee. 31, 12, or 13, then the 1K, zd, 3d and 4th figures 8 
4 ind worked as ſuch, according as the app 


3 
. 
- 
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2 
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What is the logarithmic ſine of 30 427 10 

The log. ſine of 309 42/ is —— — 9.708032 
The number to 107 1: .ü((? — 36 
The log. ſine of 30% 42/ 10 9.708068 _ 
What is the logarithmic tangent of 599 187 40“? 1: 
The log. tan. of 59 19“ 5 —— 10.226679 ... 
The number to 20 is mn — ga 


”. The log. tan. of 59 18 4o'' 10.226583 


1 © ff iogarithmic fine or tangent, between 8 and 82 degrees, being given to find the 


degrees, minutes and ſeconds, correſponding. 


| | Find the logarithm of the degree, and next leſs minute, which ſubtract from 
| | e given logarithms the difference found at the bottom of the tables, correſponds 
with the number of ſeconds to be affixed. Th 
Post are the degrees, minutes and ſeconds, corrgiponeing with . logarithmic 


5 The log. ſine of 49? 20/ is — — 9,8799563 


* 


Differenſee —2 — 91 I 

les is 90 under 50%, which 
y found by the preceding 
ne of 127 13/ 10%, is the 


It will be eaſily perceived, that the numbers at the bottom of each page between 
ad 82 degrees, are nothing more than a mean integral quantity for each degree, 
Emultiplicd by the number of correſponding ſeconds ; and thoſe numbers between 
as degrees a mean integral quantity for one ſecond to every. five minutes, 


9 


| | ſalts. Theſe numbers will determine an angle under 12 degrees to , ſeconds, 
| 


a, or on land by obſervation, except with the large fixed inftramegnts in the 
obſervatories. 

The logarithmic difference to the 3 firſt degrees determines an angle to a 
econd and a leſs, and the logarithmic ſine or tangent to a great degree of 


— . 


l 


„ 
a 


To find the natural fine tangent or ſecant of any angle, 


| the. ie ſine by the preceding rules (by the latter, if it be wanted 
ends, but by the former if to minutes only) which ſeek for among the 
pmmon. logarithuns, the natural number anſwering to it, is the natyral ſine, 
in may be eſteemed a decimal fraction; and cyphers placed before it accord. 
ide index of the logarithinic fine, &c. be leſs than 9; but if the index 


dune, 


cation of them may require. 
The 


whole numbers, the — as decimals; and added, 


2 


erer 


r MR. Ad. ES. 


on w 


4 
8 
5 
x 
8 
5 


ſatisſied; if not, he will have the pleaſure to find the ſubject copiouſly — 
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The N. fine of 23* zo'is 39608 

of o 30 is „00873 
5 The N. tang. of 87 15 is 20, 81900 \ 
7 fe the logarithmic verſed fine of any angle. | 
Take half the given angle, and find the log. ſine of it, which ſine nab by 
2, and ſubtract the ſine of 30 degrees, viz. 9,698970 from the product, the 
remainder i is the log. verſed fine of the given angle. 3 
. What is the log. verſed fine of 78 48.3 

Half, 39® 24 its log. fine=g,8025 * 

Multiplied by — — — 


Product m—— — 19,005178 
Subtract — — 9,6989 70 


Log. v. ſ. 789 48/ — 89, 906208 

To find the natural verſed fine of any angle. | 

Find the logarithmic verſed fine, which ſeek in the common logarithms ; th 
* number anſwering to it, will be the natural verſed ſine, under the lam 
predicaments of natural ſine. | 
The natural v. ſ. of 789 4% is, 80577. ; 
Tf the reader wiſh to ſee more concerning theſe uſeful numbers and their cons 
ſtruction, he may conſult Sherwin's mathematical tables, where if he has patiencez 
perſeverance, and a ſufficient ſtock of mathematical knowledge, he may be fully 


and the natural fines, tangents, ſecants, and verſed fines to every minute of 
quadrant. 


Theſe logarithmic tables are fold ſeparate for the af of der vors, Engineers, Cc. 


2 ** * 
# 
a ; 


Iron 


Proportions. 


NEOMETRY is that ſcience by which quantities, having extent or 
l magnitude, are compared: Such quantities are lines, angles, ſuperfictes, 
| br lurfaces and ſolids, the bounds, or terms of which, is the r of extent, or 

magnitude. The terms of a line are points; of a ſuperficies or ſurface, lines; 
che terms of a ſolid, are ſurfaces. 


Of Lineal Geometry, or the firſt Kind of. Magnitude. 


| oy 1. Point is the ſmalleſt dot that can be made with a 
2. ſharp- pointed inſtrument as A; but when ma- 
; C thematically confidered it is infinitely ſmaller, and may 


ns -. be eſteemed the naſcent increment of magnitude without 
19 i terms. . | 
1 . K 2. A right line is the ſhorteſt diſtance between two 
38. | points as B C. a curve line is an arc as D. E. and a 
| wy — — crooked line 2 F. G. is called irregular. 
2 3. A circle is a figure bounded by a regular curved 
4 line, called the periphery or circumference terminating 


| | Praftical Geometry elucidated by Definitions, Problems and 


| 


D of the circumference, is equally diſtant from another 
point, called the centre as A. 


through the centre and terminating in the circumference, 
as BD. 

5. The circumference of a circle, great or ſmall, is 
divided into 360 parts, called degrees ; each degree into 
60 minutes, and each minute into 60 ſeconds. 

6. An arch, or arc of a circle, is a part of the circumference ; and it is ſaid 

be greater or leſs, according to the number of degrees it contains. 


7. An Angle is made by two lines AE, BE, inclinin 

A towards each other, and meeting in a point E, called 

the angular point, which if it be made the centre of a 

circle, and an arc NO be drawn through any part of 

the two inclining lines that make the angle; then the 

: B degrees contained in that part of the arc intercepted by 

"0 | the lines, is the meaſure of the angle. Theſe inclining 
lines are called the legs of the angle. 

= D 8. An angle 1s defined by three letters, where am- 

4 ” biguity would enſue from ſeveral lines diverging from 


the 
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in the point where it began, which point, and every part 


4. The diameter of a circle is a right line paſſing 


PRACTICAL GEOMETRY. 15 
| the ſame point, then the firſt and laſt letters note the leg, and the middle letter | 
the angular point; thus in the angle AED the angular point 15 noted by E; one 
leg by A; and the other by D; and the arc NOC is the meaſure of the angle. | 
X 9g. No angle can be greater than a ſemicircle, becauſe the two legs will then 
become one line. 

10. A line ſtanding on another line makes two angles equal to 10, — 
180 degrees. Euclid 6. 1, 13. 3 . 5 
3 Suppoſe the angle AED equal to 52 degrees, this ſubtracted 2 
from 180, leaves 128 degrees, the meaſure of the angle AEB. 4 
1 11. If any fide of a triangle be produced, the outward angle 11. 4 

X ACD, 7s equal to the two oppoſite inward angles BAC and LN 
= ABC. Euclidb. 1, 32. 


Let the angle ACD be 130 degrees, then the angles C 09 
BAC and ACD together are 130 degrees; and the angle ACB is 50 degrees, 
for AC 1s a line . . on another line BD. (10) 8 ö 

12. An angle whoſe angular point is in the circum- 
ference of a circle, and the legs intercept, or cut an 
arc of it; this angle is juſt half as large as an angle 
whoſe angular point is in the center of the circle, and 
whoſe legs intercept or cut the ſame, or an equal arc of 
the circumference. The angle EAD is twice the angle 
EBD, or ECD. Euclid b. 3, 20. 

13. FVaà body be urged by two forces acting in different 
directions, its motion will be compounded by the two acting 
Powers. 

Suppoſe a ſhip from A, failing in the direction of the 
line AB, 8 miles an hour, in a current ſetting 4 miles an 
hour, in the direction AC: Then in the time the ſhip 
would have failed from A to E, the current will have ſet 
her the diſtance EF; and from the two acting forces, 
the ſails and current, the ſhip will be at F. Alſo in the 


time the ſhip would have failed to B, 8 miles, or that 4 
the current would have carried her to C 4 miles, ſhe 2 ö 
will, by both forces acting, be at D, and have deſcribed 


| the diagonals AD, of the parallelograms ACDB. A. E 


4 


PRUPTORTITONS 


14. If any four quantities as 12, 8, 6, 4, are ſuch, that if the product of the 
two extremes, 12 and 4, be equal to the product of the two means, 8 and 6, 


they are reciprocally porportional, and the following changes of diſpoſiti 
be made, and many others. n e 3 | 


Direftly —— As 12 is to 8 ſo is 6 to 4. 
Inverſei— — 8: 12 : 4 : 6. 
Alternately —— — 12: 6 :: 8 ; 4. 
Or, 
Direfly — Radius: Diſtance : Sine: Side oppoſite 
Inverſely —— Diſtance : Radius: Side : Sine 5 
Alternately — Radius : Sine : Diſt. : Side. v 
The firſt and third quantities are called antecedents, and the ſecond and fourth | 
are called conſequents. mY RY 1 
15. If here be wo ranks of proporjan) numbers or quantities, in mic 


. 
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re 
a 6. 214 


$3 2 © 227 0 and 
Rn 15. 426-243 4.44 
16. To draw a Line parellel to a given Line. 


the compaſſes (placed any where i in the line AB,) draw (on the ſame fide with the 
point C] an arc D. From C, draw a line to touch the arc D, and it's done; for | 


__ 17. 7o Nets, or TR a given Right-line into two equal Parts. 
A088 7 + ITH any diſtance, greater than half the given 


line from A deſcribe the arc CD. With the 
ſame diſtance, and one foot on B, croſs the former arc 
in Cand D; then through C and D draw a line which 
will cut AB in E, the middle, as was required. 


18. To erect a Perpendi cular from a Point in a 
given Line. 


Seri Nclining lines are not equally diſtant, but 
I if produced, will meet on one fide, as the 
15 AB and CD. 
2. The meeting of inclining lines (called an angle) 
is either direct or oblique. 


each ſide are equal, as EGH, and FCH; and then the 
line HG is ſaid to be perpendicular to the line EF. 
Example. Let AB be a given line; the point A, one end 
of it, from whence to erect a perpendicular is required. 
With any diſtance, and one foot in A, draw an arc to 
cut the line AB in D. With the ſame diftance, and one 
foot in D, draw an arc to cut the former arc in C. 
With the ſame diſtance, and one foot in C, deſcribe an 
arc DE, to cut the line AB in D. Through C and D, 
draw a line to cut the arc DE in E. Then through A 
and E draw a line and it's done; for thd hne AE is per- 
pendicular to AB as was required. 


- 19. To let fall a Perpendicular, from @ given 
Point #0 a given Line. 


8 AB is a line given, C is a given point, from 
whence to let fall a perpendicular to the line AB is required. 

Draw a line {atpleaſure) from C to AB, as is the line 
CD. Biſe& the line CD in E (17). With the diſtance EC, 
6 6 


r 30.0 pany.) been 1 


— 2” produced in the fame plane will never meet, ſuch are 

| 15. che — AB and CD. 4 

h Through C, and parallel to the Lins AB, a line is 4 
e required to be drawn. - 2 
EA B 1. Take (with a pair of compaſſes) the neareſt diſtance 


between the given point C, and the line AB. With that diſtance and one foot of 3 


the line CD, is parallel to the line AB, as was required. Is 


. Dire&-meeting of lines, is when the angles on 


»eithier the extremes or means are equal, the Four others will be —— prof 1 3 


cir 


PRACTICAL GEOMETRY. 17 
nA. Through A and C draw a line, and it's done; for AC is the perpen- 
= 20. To make a plain Angle. 
ZZ Definitions. 1. An angle is either a right-angle, or an oblique angle, 1 
2. A right-angle is where two lines are perpendicular to each other, as CA, 
I, and is juſt 90 degrees. „ | 
3. An oblique angle, is either an acute, leſs than go deprees, as KAL, or 
obtuſe, more than go degrees, as DBC. bo OE 
Example 1. At A in the line AC, to make a right-angle. 4 
are Upon A by (18. ) ere& the perpendicular AB, and it's done, for the angle. 
*X BAC is a right- angle. | | „ 
is Example 2. At A in the line AL to make an acute- angle equal to 41 degrees. 
Take (always) a chord of 60 degrees from your ſcale, | 
ace and with one foot on A, draw an arc DE, to cut the 
of line AL in D. Make the arc DE, equal to the chord 
the of 41 d. that is, take 41 d. from the ſame ſcale of chords, 
for and lay it on the arc from D to E. Through A and E 
draw the line AEK, and it's done. Example 3. At B 
in the line BC, to make an obtuſe-angle equal to 102 
degrees. | 


ven 1. As before (with one foot on B) draw the arc EF A 
the with a chord of 60 degrees, to cut BC in E. On that 
arc arc make EG equal to GF, and each equal to 51d. the 
1ch half of 102d. that is, take 51d. from the ſame ſcale of | = 
chords, and lay it on the arc from E to G, and from G to F. Through B and 
F draw the line BFD, and it's done. | | = 
21. To deſcribe a Circle, having it's Diameter given. | 
Definitions. 1. A circle is a plane figure bounded by one line, called the 
but periphery, or circumference, ſee (4.) (5,) | 
the 2. The circumference is a line encompaſſing it, as BCDEB. See (22*) 4 
3. The centre of a circle is a point, from whence all right-lines drawn to the 
re) circumference are equal, and are called radii, each, or any one ſuch line being 
called radius. | 3 f 
on 4. The diameter of any circle, is a right- line drawn through the center to the 
the circumference; it biſecteth the circle, and is the longeſt right - line that can be 
drawn in it, as BAD. EA __ 
SR Example. BD equal to 60 inches is given; to make a circle on, or about it 
5 Is required. 3 1 
e to 1. Biſect (17.) the line BD in A, and with the diſtance AB equal to AD, and 
one one foot on A, deſcribe the periphery BCDEB, and it's done. 7 | 
C. 22. To draw the Peripbery of a Circle through any three 
'D Points, not being in a Right-line. 
h A Example. B, C, and D, are three points given; thro? 
per- them, to draw the periphery of a circle is required, 
With any diſtance greater than half CB, or CD, and 
one foot in C, draw the arcs FG, HI. With the ſame 
* diſtance, and one foot in B, croſs the firſt are in F and 
G. Likewiſe (with the ſame diſtance and one foot in 
wag D,) cut the other arcs in H and I. Through F and G, 
and H and I, draw lines to cut each other in A, which 
will be in the center. With the diſtance AB, and one 
foot on A, draw the periphery BCDB, * it's done. 


22“. To 1 


8 ——— —— — — —— — 
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23. To find the Cherd, Sine, Tangent, and Secant cf an Arc of a Circle. 
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22 To quarter a Circle, or in a Circle to draw two Diameters « 
Right-angles. | s 
Example. BCDEB the periphery, and A the center of . 


* 
„ 
- * 


the given circle ; in which to draw two diameters at right . 
angles is required. 1. J hrough the center A, draw the f! 
diameter BAD. Biſect BAD, by drawing the line CAE, 5 
and it's done; and if BU, CD, DE, and EB are equal 
to each other, it's done true, otherwiſe not. 


rie 
Definitions. 1. If the circumſerence of a circle be divided into 360 equal! 
parts, they are degrees; a degree divided into 60 equal parts, are minutes; a (2 
minute into 60 equal parts, are ſeconds, &c. | = * 
An arc of a circle is any part of the circumference; as EB, or EBF; and is | | 
it _ in degrees, which are greater or leſs in proportion to the radius of the BY 
Circle. | | 5 a 
1 3. Radius of a circle is half its diameter, or any right- M 
line drawn from the center to the periphery, as AB. ka 
4. A chord-line is drawn from ene end of an arc to on 
the other; as EDF, or EB, are chord-lines. wh 
5 A ſinę-line is half a chord - line of double the arc ; 8 
l as ED (being half the chord EDF) is a ſine- line of the 13 
; arc BE, and DF is a ſine- line of the arc BF. os, Pe 
— 6. Verſed- fine - Iine lies between the ſine- line and the Ti 
| Þ circumference, as DB is a verſed-ſine of the arc BE or 2( 
| S; * angle EAB. 
7. A tangent touches the periphery, and is perpendicular to a diameter in the 
WW touching point, fo BC is the tangent-linc of the arc BE, or angle CAB. 
| 8. A ſecant cutteth the periphery, being drawn from the center till it meets A 
che tangent, as AC is a ſecant of the arc BE, or angle CAB. | A 


* 
rere required. 


ple. The chord, ſine, tangent, and ſecant of an arc containing 45 deg. 


Wich any diftance (and one foot on A) deſcribe the circumference HIBG. th 
W_ Quarter the periphery by (22) by drawing the two diameters HAB and IAG ; Pa 
= then is BG equal to GH, equal to HI, equal to IB, equal to go'degrees. Divide C 
— by (17) BI into two equal parts in E, and then BE equal to EI, is equal to 45 
1 de Make BF equal to BE, and draw the lines BE, and EDF, to cut the 2 
diameter HAB in D. At B (18) erect BC perpendicular to the diameter HAB; N 
or draw (16) BC parallel to the diameter IAG. Through A and E draw a line 
to cut BC in C, and it's done. : „ 
Then the line BE is the chord of 45 deg. the line EDF the chord of go deg. 40 
& the line ED equal to DF, the fine of 45 deg. DB the verſed fine, BC the tangent, N 


and AC the ſecant of the arc BE er 45 degrees. 
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« | 24. Of Triangles. 
Obſervation 1. A triangle has three ſides and three A 24. 's 


1 
5 8 angles. 13 : 
of 2. A right-angled-triangle hath one right angle; and | 
Fat "Zn making it there is either a perpendicular erected or let, # 1 
NC / | * 
1al 
Cc 


o 


- 


fall as ABC. 


; 5 
2 3- Thoſe fides containing right-an gle are called legs | 
as leg AB, and leg BC. : g 
Z 4. The fide oppoſite to the right- angle is called the 7 


1 hy pothenuſe, as AC. 8 N 

F. The angle A is called the angle at the perpendi- 

cular; C the angle at the baſe, and B the right-angle. | | 

6. The three angles of every plane triangle, are equal to 180 degrees, or two 

le. right-angles, and two of the legs together muſt be longer than the third; alſo. 
4 two parts, one a ſide, beſides the right-· angle muſt be given. 333 

25. To make a Right-angle Triangle, the Hypothenuſe, and 
£1 one Angle given. 

> | Example. The hypothenuſe AC 137 feet, and the angle | 

” BAC 34d. 3om being given, to make a right-angle triangle. - A 8 o 

K. Make the angle BAC equal to 34d. 3om. (20.) that is, take 

J chord of 6od. and with one foot on A, draw an arc, and 

| on that arc lay the chord of 34d. 39m. drawing AB and AC, 

which includes the angle BAC equal to 34d. 3om. Make AC 

. equal to 137 feet; that is, from any ſcale of equal parts take | 

8 137, and lay it from A to C. From C (19.) let fall the | I 

- perpendicular BC, to cut the line AB in B, and it's done. 3 TTY 

MB The ſtudent may paſs on to (28) if time be wanting. ge 


or 26. To make a Right Angle T. riangle ; the Hypothenuſe and | 
ne one Leg being given. "i 
angle. The hypothenuſe AC 411 pres ge the leg A 26. 


AB 342 being given to make a right-angled trian Make 
AB equal to 342 perches, that is, from any ſcale of equal 
parts, take 342, and lay it from A to B. At B (18) ereta | 


8. perpendicular BC. With 411 perches (that is; take 411 from 
74 the ſame ſcale of equal parts the 342 were taken) and with | 
3; one foot in A, cut the perpendicular in C. Then : from A to M0 


de C draw a line, and it 1s done. - : 


. 0 S 
2; 27. To make a Right Angle Triangle, baving one Leg and . 
ne one gle gien. 
Example. The leg AB 415 miles, and the angle BA <> A 
& 4d. 25m. bein Sen. ee a ene N 


1 


it, Make AB equal to 415 miles, that is, from any ſcale of 
equal parts, take 415, and lay it from A to I; and at 
B, (18.) ere& a perpendicular BC. At A (20.) make 
the angle BAC * to 40d. 25m. which is thus, take a 
| On 3 —_ arc, on 
which arc lay . 25m. draw the 
Of ine AC, and it's done. 8 
B 2 2 
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28. To make 4 Right Angle Triangle, bel 7 
a Legs being given. | 'Y 
\,_ Example, The legs AB 404 leagues, and BC 328, 8 
— given to make a right angle triangle. Make AB 1 Te 

to 404 leagues; and at B (18) ere& a perpen- 

- be BC. Upon the — BC lay 328 leagues, 
from A to C draw the hypothenuſe AC, and it's done. F 


29. 07 Oblique-angles Triangles.* 4 

Definition 1. An oblique triangle hath all its angles oblique, and is either an 

obtuſe or an arute triangle. E 

— An obtuſe triangle hath one obtuſe angle, that is, one angle greater ban | 
as BCD. | 

ag 2 acute triangle hath all its three angles acute; that is, each angle is es 3 1 
as EFG. 

Note. To make an oblique triangle, three things, (and one of them a ade) 38 Wi 

muſt be given. 3 


30 To make an Oblique Triangle, two Angles and a Side f 
c opßehite one of them being g iven. : 


Example. The angles deb 114d. BDC 26d. 
and ſide BC 352 miles bein ing given to make an obli os ſid 
triangle. Make BC . to 352 miles; and at C | 
(20) make the angle BCD, equal to 114d. draw the line Wh fid 
CD. Add 114d. to 26d. 40m. it makes 140d. 40m. the | 
ſum of the given angles; which ſubtraRt from 180d. om. tai 
the ſum of the three angles. The remainder 39d. 20m. an, 
is the angle CBD. At B (20) make the angle CBD 
equal to 39d. 2om. draw the line BD, and it's done. the 


31. To make an Oblique Triangle, having two Sides, and an f 


Angle oppeſite to one of them given. 


D Example. The ſides BC 274 miles, BD 426, and 
angle BCD 108d. 3om. being given to make an oblique to 
triangle. Make BC equal to 274 miles, and at C (20) | 
make the angle BCD equal to 108d. 3om. by drawing BW leti 
the line CD. With 426 miles, and one foot in B, cut 
the line CD in D, and ——_ B and D draw a line, ¶ chu 


and it's done 8 


4 


3 2. T, make « an Obli que T1 iangle, tao Sides, 3 the included * 
being given, 8. 
Example. The fides BC 327 feet, BD 274. and the c. 
angle Is 101d. L046. 2608: being given to make an oblique T. 
triangle. fide BC equal to 327 feet; and at c. t 
; B (20) make ye angle CBD equal to 101d. 3om. by Sec 
drawing the line BD. Make BD equal to 274 feet, and c. 
C through C and D draw a line, and it's . Co. 
(# Th ane ay amd ts, and puſs on to (300. 7; 
1 33. rn 


PLANE TRIGONOMETRY RECTANGULAR: at 


33. To make an Oblique Triangle, having the three Sides given. 
Example. The fides BD 525 leagues, BC 425, and 33. e 


28, . D 250 being given to make an oblique triangle is 
AB xequired. 3 
en. 1. Make BD equal to 525 leagues; then with 425 
ues, leagues, and one foot in B draw an arc at . _— 
e.. 2. With 250 leagues, and one foot in D, cut the arc in B | 

C, and from C draw lines to B and P, and it's done. — 


dh . * 


FF N 
Containing the Doctrine of Plane-Triangles. 
Rigonometry, is that part of geometry which treats particularly about 
determining the ſides and angles of triangles, whether plane or ſpherical, ? 
by having three things 2 either all ſides, or ſides and angles, or angles only 
in ſpherics ; a fourth (ſide or angle) may be found. We here treat of plane 
triangles only. | . | 
34. Of Things neceſſary to be underſtood, relating to Plane 
' Triponometry. | 


om. 1. A Triangle, is any three corner'd figure; it conſiſteth of fix parts, three 
ique  fides and three angles. | 8 
it C 2. A plane triangle is projected on a plane or flat ſuperficies, and therefore its 
line ſides are right lines; but the ſides of a ſpheric n are arcs of the ſphere. | 
the 3. An angle is the meeting of any two lines; and is either a right-angle, con- 


taining juſt go degrees; or oblique, more than go degrees, called an obtuſe- 
angle ; or leis than go degrees, called an acute-angle. 1 
4. When two lines croſſing one another, make the angles on every fide equal, 
then thoſe angles are right, and the lines are 5 to each otber. 
5. A degree, is the 360th part of the circumference of any circle; the half is | 
a ſemicircle, and the fourth part is called a quadrant. | | 5 
6 Zy complement of any number of degrees, underſtand what thoſe degrees 
want of 90; by ſupplement, what they want of 180 degrees. 


and 7. In oblique triangles, three things, and one of them a fide, muſt be given | 
255 to find a fourth. 1 5 5 | — 

20 8. Three letters ſignify an angle; as BAC ſignify the angle A; and two 
wing letters a fide, AB entf the fide AB, &c, » a 
— 9. Given things, whether ſides or angles, are ſometimes marked with a daſh, 


thus (/.) and required things, with a eypher, thus (“.) 

10. The letters d. m. ſtand for degrees and minutes, thus 2 5d. 31m. or better. 
and more modern, thus 259 31/ is 21 degrees 31 minutes, an 259 31/ % 
ſeconds, or two thirds of a minute more, | Ms 
8. I Sine 5 

| Sine complement, or co-ſine. 
| Tangent. 
1  Tangent-complement, or co-tangent, 
ſtands for Secant. | 
W Secant-complement, or co-ſecant. 
4 Complement arithmetic | 
| 3 +” | 2 
: ot Le ona 1s; 4 ''2 af} 12 4 200 Neunils 1 4 . i A 
» As. 2-8 to 4. ſo is 3 ta. «i: #7; % 2 4 n * CL owe * of 
94:90 PT F 1. Thi = 


- 


5 „ » 


ee feven caſes in right-angle-rriangles, and fix in oblique. Their tl 
q ſolutions a3 but ft of right-angle-triangles. The Student eng = 3 Ly 
rage 45 (36) and (39>) may paſs on to (46,) (55>) or even to (61,) if his time | di 


1 The n Aim, and the Jever Caſes of Plane Right Te 
Triangles depending thereon. | 


A Axiom 1. In all plane right-angle-triangles, if 
. 7 Ei ws => 3 . 2 the other no wil 8 J 
4 25 » Ents, or ecants « at 33, . . 
© of Hom = 33 5 radius, each leg is the fine | = . 
e. (23 _ 
f one leg be radius, the hypothenuſe is a ſecant, | i 
| and — other Ext is a tangent of the angle oppoſite to 1 |t 
8 * eh To find a ſide, any ſide may be radius þ py Rr 8 
* As the word on the fide given, is to the fide given; $ - 
”, was . * 1 the word on the ſide required, to the Bl "| - | n 
2 hh . * find an angle, make one of the given | g 
ay, 9 
As one given ſide, 15 to the word on it; 5 
4 So is the other given ſide, to the word on it. 
Obſerve to begin with the ſide made radius. - 
B 2 
; 1 
nd what proportion the ſid 
r 
On- 
trary : by 5 oo 2 by 52 diligent reader) are ſufficient to frame any 
* | , g any fide of a right-angled-triangle the 
36. The Angles and Hypothenuſe g given; to find cither of the Log 
* xam In th 5 £ : 
Sy [> TC = = we angle triangle 18 4 F 
* angle BAC 54d. zom. Jen en -- legs 2 be 1 required. 
This triangle is made b 
86. e the re 
you make the hypoth "4 
by, (35 Note 1.15 EL ena AC 8 
is the fie * the angle N 5 _— 
— 8 f 
| s briefly; 76 _ - hypoth. AC: : 8. BAC -. leg BC. 
B Is to AC 121 leagues 5 5 
e 
8 RODS — 4 99 471 
0 . 
n — — this gener rn 
— 5 from that ſum ſabtra& the 
number ſought. : * logarithmof the fourth term, o 
as is the in gr, om. , the fun.of the | 
logarithms of the ſecond and 
eh * toge lber 30 1199947 fromwtugh'ir is eaſy do ſubtratt ths 
ALE : logarithm 


fel 


| be 
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ant, 
E to 


ius, 


en; 
| re- 


ven 1 
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me term, or ſide required. 
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PLANE TRIGONOMETRY RECTANGULAR. 


* Es ogarithm of the frft term (being radius) by cancelling, cutting off, or leaving 
err 1 


ut the firſt figure to the lett-hand, and then it is 1.993471, which logarithm being 
found, gives the number 98,51 leagues, or 98; nearly for the leg BC, the fourth } 
| 5 By Gunter's Scale, thus, f 
Radius. AC :: $, BAC „E 
S. 90d . 121 leag. : : S. 54d. 30m. ., leag. 98.5 tenths. | 
That is to ſay, the extent from fine god (on the line of fines) to 121 leagues Þ 
(ion the line of numbers) will reach from S. 5 4d. zom. (on the ſame ſines) toleagues 
"XX 98.5 tenths, (on the line of numbers) for the leg BC, nearly as above. = 
XX Obſerve the like in all that follows, except in thoſe proportions wherein is the 
word ſecant, which is wrought only by Hgarithms. 
XZ The three ſeveral proportions, making each ſide radius, to find the leg BC, are 
tmeſe which follow. + 9 | 
Radius S. BAC | 
Sec. BAC. T. BAC f:: Hypothenuſe AC -- Leg BC. 
Sec. ACB -- Radius 


£* 


== Likewiſe to find the Leg 
Radius . S. ACB 6 
:: Hypothenuſe AC. Leg AB 


Es 15 I 


1 


AB, they are theſe following : 


Sec. BAC - Radius 
== Sec. ACB . T.ACB | 
In all which the third term, hypothenuſe, may be taken ſecond, and the ſecond, 1 
third; fee article (14.) alternately. | | | 
Note ; When radius is not in the proportion, it is better to take the arithmetical 
complement of the firſt term, to which add the ſecond and third terms; the ſum 
will be the logarithm of the fourth term ſought, but the index will be either 10 or 
20 too much. To find the arithmetical complement, ſee the precepts to logarith- 
mic arithmetic. | "ri 


37. The Angles, and one Leg given, to find the Hypothenuſe, and the | 
other Leg. 
Example. In the right-angle-triangle ABC (25). 
Angle ACB 35d. 30m. 7 . _ f Hyp. AC 
K a Lo BC 98 LENS 3 ee 1 * AB 
1. To find the hypothenuſe AC, make it radius, and the A 
proportion by Note 1. 635) is | 
As the fine of the angle BAC 54d. 3om. (or which is the 
ſame thing) as the co-tine of ACB 35d. zom. is to the leg 
BC; ſo is radius, to tlie hypothenuſe AC. Or thus, 
As cs. 35d. zom. 9, 910686 
Is to BC 98 leagues - 1,991226 
So is radius S. god. - = 10,000000 


req. 


To AC 120,4 leagues - - = ' 2,080540 
| ; By Gunter's Scale, thus; 
8. BAC.. leg BC. : : radius -- hypothenuſe AC. That is, 
8.54% 300. 98 L.:: S. god. -- leagues 120.4 tenths.  ' 
That 1s, the extent from ſine of 546. zom. Ga the line of ſines) 
on the line of numbers) will reach from fine of god. to leag. 1 
hypethenuſe required. | * 5d 


to 98 leagues, 
20.4 tenths, the 
The three ſeveral proportions, making each ſide radius, to find the hypothenuſo, 
are as follow; 55 FT 3 11 4 
S. BAC. radius 7 | N „ 

T. BAC. ſec, back : leg. BC bypothenuſe AC 60. 5 


1 


Radu + fee, ACBS + - And 
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And to find the leg AB, they are theſe; | 
g. BAC. S. AB 
T. BAC radius * leg BC. leg AB (14.) 3 
Radius + T. ACB ® 
| Mr In working by Gunter, when a tangent is mentioned, the radius then is "I 
nt of 45d. as in the 8 laſt proportions, it is, "> 
BAC. -radins : ; leg BC. leg AB. Which is, 4 
＋. ; A T. — 9 Leag. 69.9 tenths. F 
That is, the extent N, 54d. 30m. to 45d. (on the line of tangents) will mach | q 
from 98 7% to leagues 69,9 tenths on the line of numbers, for the leg aB. 
As rad. . T. ACB : : leg BC leg AB. Which is, 
T. 45d. -- T. 35 30”: TY leag. -- Leag. 69.9 tenths. 
That is, the extent from 
| to . 69.9 tenths, as — 4 


238. The potbenuſe and one Leg given, to find the Angles, and the 1 | 


other 


Example. In the right ace: 2 ABC (26.) 
Hyp. AC 121 or BAC 
The I AB * Leagues gi iven 3 and Leg 18 _ 
To find the angles. | 
FL. Ei If you make the hypothenuſe AC radius, the propor- 
38. tion, by Note 2. (25. 
As the W AC is to radius, ſo is the leg AB to 
the fine of the angle AC B. Or thus, 
Hypothenuſe AC . Rad. : : Le . S. ACB. 
As 121 leag. - od. : 69 leag. .. S. 34d. 46m, 
C As AC 121 leagues — 2,082; 85 : | 
Is to radius S. god. — 10,000000 
So is AB 69 leagues — 1,838849 
'ToS. ACB 34d. 46m. 9,756064 | 
Seek, among the fines, the neareſt logarithm to 9,7 56064, which will be found - 
= to correſpond with 34d. 46 m. and this ſubtrafted from god. will give the angle 
WBAC 55d. 14m. Or the angles may be eaſily found to a ſecond nearly (if 
) by attending to precepts in logarithmic arithmetic. 
And if the leg AB is radius, then the proportion by Note 2 (3 
As the leg AB is to radius; ſo is the hypothenuſe AC, to 12 ſecant of the 
| 2 * eos Or _ 8 
Radius : : 121 leag. . Sec. BAC 55d. 14m. or the 
2 of 36. — m. the angle ACB. E W 
| Note, Thi rtion 1s not wrought on the 5 becauſe of the word ſecant 
nde 4th nm Lag ut being wrought as before directed, either of the angles may 
be fond, _—_ Ghee from 8 65 gives the other angle. | 
2. ma ou 6) or ſeveral ways; As 
TR ney he enact (36) or (37) ys; As thus, 
1 - AB:: — BAC T | 
BAC AC:: T. BAC : 
Radius  -» AB: : T. BAC þ 0 leagues 99-4 tenths, 
Sec. ACB -- ” : : Radius 
T. ACE. + AB: : Radius ) | 
39. x5 Legs given, to find the 3 aud 22 


i Example, In the right-ngle-yriangl ABC (23.) 00 
3 The Leg £44 . * 1 pag} 


to T. 35d. zom. will reach from 98 leagues, Y . 


y 
3 


PLANE: TRIGONOMETRY benz 
. Make the leg AB radius, and the proportion by Note 2 A 


eg Þ BC to the af | 


Fug \ 
. 
8 
8 : 
7 | 
2 
| 25 
KA \ 
Th 


Mm leg AB is to radius, ſo is the le 


Y le BAC, or co-tangent of AC 
9 1 a n Radius . T. BAC. 


T. 45d. T. 35d. 9m. (14.) 


PRs 
4 ES 5 
* bs 


Leg AB. Leg BC :: 


8 lea 69 leag. : 
9 , As AB 8 leagues — — 1,991226 
IJ | = to radius T. 45d. — — 10,000000 B 
ch So is BC 69 2 — — 1,838849 : 


The neareſt Pee tangent to 9,847623 n with 3 5d. gm, which | 
AY Iptracted from god. gives the angle ABC 54d. | 
n And if ry les BC be made radius, : N is thus: 
1 1 5 1 . T.ACB; or c. t. of BAC. 
8 I = wg 98 45d... T. 54d. 51m. as before. 
WW Which being Ciracied rom 90, leaveth 35d. gm. for the angle Ba. | 
Ficher of theſe proportions is ſufficient to find both angles. 
4 2. The hypothenuſe AC may be found by (37) ſeveral ways. 

| Firſt, Making the hypothenuſe AC radius; thus, 


g BC. 7 
ea 


es wee en 0 
Secondly, Making the leg AB radius; thus, 
. Radius +» AB] . : Sec. BAC. Hypothenuſe AC 
T.BAC. 80 : : Sec. BAC .. Hypothenuſe 
CT Making the leg BC radius; thus, 
2 Radius 8 : : Sec. ACB -- Hypothenuſe c- 
T. ACcB. AB ec. ypotacnuie 
The fix proportions are worked out for the learner's information, and the 
1thmetical complement uſed when radius is not in the Er 
8. BAC. BC: : Radius. AC, T. BAC. BC : : Sec. BAC. AC. 
J 9.760211 0.152356 Co. Ar. Note (36) 
" 1,833849 1,833849 
f 10, oooooo 10, 087434 
| 2,078638—119,85 or more 12 3 19.85 leagues, | 
than 119 leagues and three quarters. Radius -- Sec. ACB -» AC, 
a S. ACB-- AB : : Radius , AC, Bork \ of 
A 9.912566 1,838849 
1,991226 10,239789g _, 
. 10,000000 3 | 8 
un, . "a 2119, 85 leagues. 
7 : 2,078660=1 19,86 leagues. T.ACB +. 1 1 Ab AG, 
Radius AB : : Sec. BAC. . AC. * Co. Ar. Note (36) 
10,000000 e 
1991226 | "105239789, 
_ 102087434 | yo ? 
X | 22, — 11 80 les ; 
2,078660=1 19,86 leagues |... ITT : wh ; 


The little difference in the hypothenuſe, 


riſes from the a 


BAC not being exactly determined, for inſtead of 


found by the different proportions, 


le 
t ſhould be 382 85 55%, and the angle ACB 5 51'5//; but theſe accuracies ara 


nnecellary 1 in trigonometry applied to the different kinds 


of ſailing ; and in genre 


35d. gm. 


, 
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the laſt figure, or even the two laſt figures of the logarithms may be omitted, 
none of the legs of the triangle exceed 1000 miles; neither need the number 

correſponding with the logarithms. be determined to more than one decimal plach 
But in many nautical problems the greateſt accuracy muſt be attempted, and the 
fix places of logarithms beſides the index, in ſome caſes, are not ſufficient, when 
it may be neceſſary to make uſe of Sherwin's or Gardiner's logarithms. "BY of 

When the degrees and minutes of one of the angles of a right-angled triang!: i 
are found, the other angle alſo is given in the tables, without ſubtracting fro: 8 4 
90 whether in fines, tangents, or ſecants, for one angle is always the comple 
ment of the other; therefore, if the degrees at the top of the tables, and th 
minutes in the left-hand column, which — correſpond with the logarithmic ſid 
Fires: or ſecant increaſing downwards, is found; then the degrees (leſs than o- 

longing to the other angle will be at the bottom of the table, and the minut:Mwa 
in the right-hand column; and on the contrary, if the degrees at the botton bt 
and the minutes in the right-hand column correſpond with the logarithmic fine 
c. then the degrees of the other angle are at the top, and the minutes in the le- 
hand column. ; LY : ö 
If a fine be leſs than 9, 849485, the index of a tangent lefs than 10, and 
ſecant leſs than 10,150515 ; then the degrees correſponding are above, and ti. 
minutes in the left-hand column; but if more, the degrees are beloiv, and W / 
minutes in the right-hand column. ne 
40. Three other Axioms, wilh the fix Caſes of Oblique Plane Triang': {1% 

thereunto belonging. $6 55 
Axiom 2. In all plane triangles, the ſides are in ſuch proportion once t 
another, as are the fines of their oppoſite angles, that is, | 

1. As the fine of any one angle is to its oppoſite ſide, fo is the fine of any othetf 
angle to its oppoſite fice. 

2. As a fide, is to the fine of its oppeſite angle, ſo is any other fide to the ſine 
of its oppoſite angle. 5 | : 7 
Note, To find a fide, begin with an angle; but to find an angle begin wit: 
a fide. | | 
From this axiom are drawn the proportions for the firſt, ſecond, and third caſes 
following. N | : | 
41. Of Oblique Argles, two Angles, and one Side given; to find either 

4 48h of: the other Sides. 
Example. In the oblique triangle BDC. (30) 


| BCD 101d. 25m. ;- FED: 
The Angle 


CBD 44d. 42m. f given: Side J and þ req. 
Side - - BC 76 Yards BD — 
1. The proportion according to the ſecond axiom for 
41. Fading the fide CD, is this, 
As the fine of the angle BDC is to the fide BC, ſo i; 
ſine of the angle CBD to the required fide CD: Or 
AC thus, | 
8. BDC. Side BC: : S. CBD -: Side CD required. 
S. 101d. 25m. -+ 76 Yards : : S. 44d. 42m. . Yards 54.53 hund. 
As S. BDC 101d. 25m. o, oo8679 Co. Ar. 101d. 25m. 


Is to BY 56 — — 1,8808114 1 x 
So Ds U 444. 42m. 9, 84 199 OS 
_ h — — 146 
hn To CD 4.63 ards — 1.736692 480 0 
10 in the index being omitted. Nate (36.) — 
* © had ib eg ©; 5 BCD 33 53 2 = 


—— 


PLANE TRIGONOMETRY OBLIQUE. 5 
2. To find the ſide BD, the proportion is, 
S. BDC. Side BC : : S. BCD -- Side BD. 
S. 101d. 25m. 76Yards : : S. 33d. 53m. . Yards 43. 23 hund. 
* Of Oblique Angles. Two Sides, and an Angle oppoſite to one 
"IT of them given, to find the other oppoſite Angle, and the third Side. 


lang! Note. If the given angle be obtuſe, the angle ſought 
> fron ; 2 42. D 15 acute. 
mple k But when the given angle is acute, and oppoſite to the. 
nd dh eſſer given ſide, then the required angle is doubtful, 
lic ſing C whether acute or obtuſe, and ought to be determined 
an 90% before the operation, remembering that the greateſt fide 
inute ways ſubtends, or is oppoſite the greateſt angle, and that one angle only can Be 
tron, Mbtuſe. : 
Y fine Example. In the oblique triangle BCD, (31. 
e len IF) BC 106 / yard Angle BDC obtufe, 

Ween BD 5 292 bee ) and the req. 
and: Angle BCD 31d. 49m. Side CD 
d ti 1. For the angle BCD the proportion is, 


As the fide BD is to the fine of the angle BCD, ſo is the fide BC to the fine of 
the angle BDC required. Or thus, 
Side BD + S. BCD : : Side BC + S. BDC. 
6; Yards . S. 31d. 49m. : : 106 Yards + S. 59d. 17m. 
| BD 65 Yards 8,187087 Co. Ar. 
Is to S. BCD 31d. 49m. 9,721978 | 
Sois BC 106 Yards — 2,025306 


— 


To S. BDC 120d. 43m. 9, 934371 51. 
Which being the ſine of an obtuſe angle, the ſupplement, or the degrees above 
90, muſt be taken, which are 120 at the top of the table, conſequently the minutes 
the left-hand column. | | 44 
This angle found 120d. 43m. muſt be added to the given angle 31d. 49m: and 
their ſum 152d. 32m. ſubtracted from 180d. gives the angle DBC 27d. 28m. (34.) 
The proportions to find CD are as follow : | 
S. BD Side BD : : 8. CBD + $8 CD. + 
S. 31d. 49m. 65 Yards : : 'S. 25d. 28m. Yds. 56. 98. Or, 
S. BDC + Side BC :: S. CBD + Side CD. ; | 
S. 120d. 43m. . 106 Yds. : : S. 25d. 28m. . Yds. 56.88 tenths as before. 
Axiom 3. In all plane triangles, as the ſum of two ſides is to their difference, 
fo is the tangents of the half ſum of their two q__ angles, to the tangent of 
for the half difference of the ſaid two oppoſite and unknown angles; Then, 
Half the difference of the angles added to their half ſum,” finds the greater 
o is angle; and half the difference ſubtracted from the half ſum, finds the leſs angle; 
Or por, if the ſum and difference of any two numbers, or quantities be given, the 
quantities themſelves are alſo given. Let the ſum of two numbers be 46; ſup- 
poſe 36 and 10; their difference will be 26; then half the ſam 23 added W half 
the difference 13, will give 36 the greater number; and 13 ſubtracted from 23 
will give 10 the leſs. 


43. Two Sides, and their contained 


Angle given, to find either of the 


. other Angles, and the third Side. 
Example, in the oblique triangle BCD. 33.) 1 
Te Angle CBD 101d. zom. 1 C | 


Side 
1. For 


2 PLANE TRIGONOMETRY OBLIQUE: 


. o_ ” angle BDC, and BCD, the operation is, 


8 109 The three angles - - - - - 180d. om. 
> BD 76{Subtract the given angle CBD - 101d. zom. 


fm of 16 185 Sum is 78d. zom.. 
Their dr. © rde two oppoſite angles Z Sum is 39d: 15m. 1 
r 43 Then, As the ſum ＋ the ſides BC and BD is to their * 


difference, ſo is the tangent of half the ſum of the angles if 
BDC and BCD to the tangent of half their difference.“ 
Or thus, 5 
Sum BC & BD -. Diff, BC & BD : : T. Z angles T. 
C diff. 2 
185 leagues -- 33 leagues : T. 39d. 15m. -- T. 8d. 17m. 
As 185 — — 7732828 Co. ar. 2 
Is to 333 — — 1.518514 
80 is T. 399 15 — 9,912240 
To T. 82 177 — 9,4163582 
Which is half the difference of the unknown angles BDC and BCD. This 
S fference added to, and ſubtracted from 3d. 15m. the half ſum; will give the 
e BDC 47d. 32m. and the angle BCD zod. 58m. the greater ——— 
nded by the greater fide. 
2. The proportion for the ſide CD (40) may be this : 
S. BCD . Side "BD : : $7 S * CD. 
S. zod. 58m. -- 76 leag. : : S. ioid. 3om. + Leag. 144. tenths. 
Axiom 4. From the half 1 of the theres des, ſubtract each ſide (but firſt 


that fide oppoſite to the angle required, then the reſt) ſeverally ; noting the 
remainders, - Then, 85 


As che product of the half ſum of the ſides, and firſt remainder, is to the product 
| of the other two remainders; ſo is the ſquare of radius, to the ſquare of the 
tangent of half the angle oppoſite to that firſt remainder, 


433. Three Sides given, to find an Angle. 
* In the triangle BCD (33-) 


2 | BDC 
LS: - #5 {fr given : Angle) BUD req. 
5 CBD 
Tue operation for the angle CBD. Peet. 5 
1 af Sn 3120 co. ar. 7.920319 ' 4 


CARDS 0gfr. 
1 2 1 ——— Fo co. ar. 8. 154902 


* 
— LL 


logar. 1. 544068 N 
Sum of fides - 2288 Wer yy remain. 15 logar. i 478597 bs d 
Fr their ſam = 120 ml ay . Mn | | fum 18. 8.795880 | TY 
From 4 = 7o|Tangent 14d. 2m. — — f ſum 9.397940 
1 — 5 35 Doubled 14d. 2m. 
15 Produceth 28d. 4m.—the angle CBD. 


47 y 
This axiom finds an angle at one operation, yet hee t 
being applicable to the inſtrumental way of working t 
pr oportions, you have this fourth axiom in other terms; 
Which finds an angle at two proportions, and may be þ 
C wrought inſtrumentally and logarithmically. A 
#5: Axiom \ e, when . ſides of * l 


BESS 


| arc given to find an eagle. f „ . 
} | £14 of n «4 As 
* 7 5 4 8 
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As the longeſt fide, is to the ſum of the two ſhorteſt; ſo is the difference of the 
Vs ſhorteſt to the difference of the ſegments, of the baſe or longeſt fide. ; 
Note; Let fall a perpendicular (from the angle oppoſite) to the longeſt fide, 


nich divideth it into two ſegments ; and the oblique triangle into two right-angled 
. les. | : | 

"_ 2 fal the perpendicular DA, which makes the ſegments of the baſe to be 
„ A and AC, and che two right-angled-triangles BAD and CAD, and che 
les Wifference of the ſegments BE. ET 

1. To find BE the difference of the ſegments of the baſe. 


3 8 
W 


ce. 5 
9 5 BD - - - - - Bs feet 
"7 Shorteſt fides - - - = = "CD «<7 654 
7 p — 
m. g Added, is the ſum of the two ſhorteſt ſides - - <- - - 133 feet 
. Subtracted, is their Arness ;- | "=> = $6 
Then, as the fide BC, is to the ſum of BD and CD; fo is the difference of BD 
and CD, to BE the difference of the {ſegments BA and AC. Or thus; 
| Side BC. ſum BD and CD : : diff. BD and CD. BE the diff. of ſeg. ; 
EA 105 feet 135 feet: : 35 feet-- 45 feet. 
"MY As 105 =- = =- - - 7978811 co. ar. | . 
1g Is to135 - = — 22, 130334 ; 


Sois35 =» - = =- = =- = - 1,544008 


To-45. io + = + - = nn | 
The difference of the ſegments BA and AC, whoſe ſum is BC rog, then half 
ſt the ſum added to half the difference gives BA 75, and half the difference ſubtracted 
* from half the ſum gives AC 30. 
2. The angles BCD or CBD, may be found by (38.) 
Hypot. BD -- radius : : leg AB. 8. ADB. 


85 feet-- $.90d. : : 75 feet . S. 61d. 56m. and its complement 28d. 4m; for 
the angle CBD as befare. 


a DP 


% 


** 
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Containing uſeful Precepts, and Trigonometry applied to Plane Sailing. 
ND that nothing may be wanting for the accompliſhment of Navigation, we 
A will begin now with the Gregorian Calendar, and then the uſe of the plane 
chart, before we apply plane trigonometry to plane failing. Þ. 
THE common notes of the Gregorian calendar, or new-ſtile, are the ime, 
N epact, and dominical letter, to fin Eaſter-day, the moon's age, ſouthing, and 
time of high- water. | | | g . 


46. To find the Golden Number, Cycle of the Sun, and Roman 
i ! JindiJion.:- of 

Definition 1. The golden number, or prime, is a cycle, or revolution of 1 
years; in which ſpace of time (it has been ſuppoſed) the ſun and moon finiſh 
their variety of aſpects; by this we find the epact, and conſequently whatever 
thereon depends. : | 

2. The cycle of the ſun maketh its revolution in 28 years ; in which time all the 
variety of dominical letters, and leap-years expire, and the 29th year this cycle 
begins again; which number aſſiſts in finding the dominical letter for any year, 
paſt, preſent, or to come. : . 


Q w Roe | 


W GG REGORIAN CALENDAR. 

3. Roman indiction conſiſteth of 15 years; for once in 15 years the ſubdyM 

nations were to pay tribute to the Romans ; a thing now out of ule with us. Tp 4 

The Rule of Mr. Street's Memorial Verſes on the Ecclefiaſtical, of 7 
| Civil Calendar. > 


When 1, , 3, to the year hath added been; = 
Divide by 19, 28, 15. 9 


x Example. I would know the golden number, cycle of the ſun, and Rom 

indiction for the year 1789. 8 ; | a 

1 The Operation. . 
The year 1789- V 1789 „ „% Ü a 2492 1 
Add 7 7 


JJV 


— Divide 19) 179094 28) 1798064 1507920119 
Remains (4) (7) 
4 


| Golden number 

For the year 17895 Cycle of the tun | — is — ö 6 
bs Roman indiction 7 
47. To find the Epatt until the Year 1899 incluſive. 
Definition. The epact is 11 days the year of the moon wanteth of the ſun's 

year: the lunar being 354 days, and the ſolar year 365 days. 
Note 1. The epact never exceedeth 29, alters every year 11, and is uſed tc 

find the moon's age, and Eaſter-day. | 

Note 2. When the golden number is 1, the expact is o, conſtantly ; when 2, 


then 11, &c. 
r 
1. Find the golden number, by (46.) 
2, Subtract 1 from the golden number, what reſts multiply by 11; rejed 


thirties, the remainder is the epact. 

Example. For the year 1791, I demand the epact. | 

To the year 1791 add 1, and the ſum is 1792; which divide by 19, theff 
remainder is 6; ſubtract 1, there reſts 5, which multiply by 11, gives 55 which 
would be the epact; but, the product exceeds 3o, divide by 30, then the re- 
mainder 25 is the epact. : | 

48. To fiad the Biſſextile, or Leap Years. 

I The julian leap-year is every fourth year. Theſe are continued exactly in the 
farae order and ſucceſſion as heretofore, except in the Gregorian account, the 
yr ar 2000, 2400, 2800, and every fourth hundredth year in ſucceſſion are to be 
e ſteemed leap-years, and all other even hundreds, which by old-ſtile are accounted 
Ieap-years, are in the preſent, not to be accounted for leap-years. 
| N. The common year hath 365 days in it, but leap-year of both kinds 
356, and then February hath 29 days, which in common years hath but 28 days. 

Rule 1. For the julian common leap- years. 5 N 

Divide the year by 4, what's left ſhall be, 

LK For leap year o, for paſt, i, 2, or 3. 
Example 1, The year 1792; is it a common year, or leap year? 

0179 (or the remainder ; or it is leap- year. 


: ; — 2. The year 1779; was it a common year, or leap-year? 
- 4V1779(3=Remainder ; was, therefore the 3d atter leap-year. 


444 49. 75 


f 


= 49. To find the Dominical Laier war] the Near 1799 incluſtve. 
4 WDefintion 1. The week days in calenders, or almanacks, are expreſſed by 
„ of I firſt ſeven letters of the alphabet; the letter A, conſtantly anſwering to the firſt 
q - hh the year; that letter then that ſtands againſt the firſt Sunday in che year 13 


lied che dominical or Sunday letter. 
WM Ehe Rule. Divide the year, and 4th thereof by 7; | 
ma; What's left, ſubtract from 7, the letter's given. 


Note 1. When it is leap-year, there are two dominical letters, one ** A 2 
e cloſe of February, the other from thence to the year's end; it is the latter that 
Vos rule finds. 
3 2. The dominical letter goeth backward in a common year one letter, but in | 
p- year two letters. 
3. As ſaid before, the year 1800, 1900, 2100, &c. are leap- years according 
=D the Julian, but common years 3 ng to the Gre gorian calendar, therefore ' 
ill have but one letter inſtead of two, an conſequently the order of the dominical 
er, will then be changed. 
5 Example. For the year 17 1 I demand the dominical letter ? 
| The Operation. | 1 
- _ year is by (48) leap-year - - -,'- -*,- - -'1706 
ar > 
2245 
d to hich divide by 7, the remainder i is 5 ; which ſubtract from 7, there reſts 2 for 
ie dominical letter, that is B; but being leap- year, C is the other dominical 
n 2, tter, and ſerves from the beginning thereof to the cloſe of February. 


o. By the 1 9 Epatts, to find Eaſter Limit from the begining of 
March, inclufive. 


jeg Definitions. 1. Eaſter limit is the 14th day of the Paſchal new moon (or the 
9 w- moon neareſt the vernal equinox) after the firſt of March. 
2. The vernal equinox, by the * calendar, is fixed on the 21ſt of 
Iarch. 
= The R UI. E. 
re. Find the epact by (47) 


If that be leſs has 24 ſubtraQ it from 44 ; but if more than 24, ſubtract it from 
4, the remainder will be Eaſter-limit, or the day of the Paſchal full-moon, from 
de firſt of March inclufive. If the epact be juſt 24, the limit is 49 ; but if the 


pact be juſt 24, the limit is 49 ; but if the epact be 25, and the golden numbes 
reater than 11, the limit is 48. 


be Example. I demand Eafter-limit, for the year 1795 2209 
ted . 5 . The Operation. 
e Epact for the year 1795 by (47) ies 
nds hich ſubtracted from ap ü © / 8˙ * 
18 Remainder is Eaſter. limit, from the 1ſt of March - - - - 35 Days 
r the 4th day of April, for the year 1795. : % . 


gl. To find Eaſter-Day- for any Year. 
Definition. Eaſter-Day is next Sunday after Eaſter- limit, or day of the Paſchal 
l- moon, and is never before the 22d day of March, nor after che 25th day 


April. 

The RULE. 
1. Find the dominical letter by (49.) 
2. And Eaſter- limit by C50.) 


1 The 


n GREGORIANCALENDAE, 
| 3. The letter more by 4, from limit take: 5 

+ What's left from the neareſt ſevens ſhal! Eaſter make. 
Example. For the year 1795, I demand Eaſter-day. 
n | + | 'The don. 
Domanical letter by (49) is D, or - - - ??::;ßh;?;;: „ 
ERR. yet; ob os we. > ct co | 
/ AA 
Which ſubtract from Eaſter- limit, found by (50,) 


MC} p oe te = „ Cot nt os 
Which ſubtract from the neareſt ſevens - - - - -'- = = = <a 


// --- -- a.- „1 
Which added to Eafter-limit 35, ſum is 36, from which ſubtract March 31 days, 
remains 5, fo that Eaſter-day is the 5th day of April for the year 1795. 
54 52. To find the Moon's Ape. 
Definition. The moon's age is, how many days are paſt fince the day of her 
change, which age never exceeds 30 days. | | 
| „ 
Find the epact by (47. ) to which add the number of months from March incluſive, 
and the day of the month, the ſum is the moon's age; but if it exceed 30, throw 
away the number of days in the month, leſs one, that is, if the month contain 31 
days __ away zo, if zo days, throw away 29, the remainder will be the moon's 
complete. 
N. B. The epact of the year preceding ſerves for January and February follow- 
- mg, becauſe the cycle of the moon begins the firſt of March. | 
Example. 'The 21ſt of May 1791, I demand the moon's age ? 
8 The Operation. 
The epact by (47) for the year 1791 is - - - - - 25 
- Toit add the day of the month - < - - - - - 221 
And the month, May's number from March - - - - - - - - 3 


— Z— 


io Fhe fam is -- - - - - '- [4809 days. 
Which being more than zo by - - - - - - - - = = = 19 days 
is the moon's age required. | | 
53. To find the Moon's Southing. 

Definition. The moon's ſouthing is the time of her coming to, or upon the 
meridian ; which from the new moon to the full, is after noon ; but from the full 
to the change is before noon. | | | 

| . 


1. Find the moon's age by (52.) 
2. Multiply her age by 4, and divide the product by 5; the quotient is hourt, 
and the remainder is ſo many times 12 minutes of an hour, and both together is her 
ſouthing. | | 8 
„ The 13th of May, 1791, I demand the moon's ſouthing ? 
The Operation. 
The moon's age by (52) iss - =- - - - - 11 days 
EST BVA 4 
! ! ˙‚ OI... , 
Which. divided by 5, quotes 8 for the hours, and leaves 4 for a remainder, 
which multiplied by 12, makes 48 minutes paſt, for the time the moon paſſes the 
meridian May the 12th. | 
Note, When the moon's age exceeds 15 days, uſe the day preceding the given 
one, and the ſouthing will then fall upon the day required. 


f 


54. To 
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54. To find the Time of full Sea, or High Water, at any Place. 
The Rule. 1. Find the moon's ſouthing by (53.) | ; 
2. To the ſouthing, add the point of the compaſs making full ſea (on the full 
nd change day) for the place propoſed ; that ſum is the time of full ſea, or high 
rater. | ; | 
Note. The point of the compaſs making full ſea on the full and change days, 
tay be found (in the tide-table) in the Mariner's Calendar, and Daily Aſſiſtant. 

xample. The 2oth of March, 1787, I demand the time of high water as 
ondon. 
The operation. The moon's n by (52) for the 2oth of March, 1790, 

3 — 4h om. after noon, : 
To it add London SW. and NE. — zh om. 

HO. | 

The ſam is the time of high-water, March 20, that is, 4h. 36m. afternoon. 
This is a very uncertain method for determining the time of high-water, and 
iable to an error. The following is more eaſy and accurate. Few navigatots 
zow go to ſea without the Nautical Almanac; therefore to know the time of high- 
ater at any eſtabliſhed port (that is, where it is known what moon makes full 
a) take the following rule. | 
To the time the moon paſſes the meridian, taken from the 6th page of the 
nonth in the Nautical Almanac, add the time of high-water for the full and 
hange of the moon, the ſum, if leſs than 12 hours, is the time required ; but if 
t exceed 12 or 24 hours, ſubtract 12 or 24 from it, the remainder is the time of 
igh-water before, or after noon ; and if it be not determined which, the error 
ill ſeldom exceed half an hour, if the moon's paſſage over the meridian at 
reenwich be reduced to the meridian of the port, either by proportion, or by 
able XXI. of the tables requiſite to be uſed with the Nautical Almanack, pub- 
iſhed by order of the Commiſſioners of Longitude. 


55. The Uſe of the Plane Chart. 


T is requiſite to underſtand the plane-chart before the caſes of plane: fhiling, 
for it conduces much to the knowledge thereof; and for the better under 
anding of it, mind the followin Fe arr 2137 
Definitions. 1. 'The plane- go the earth and ſea to make one 
at ſuperficies, or long- ſquare, in which the-meridians are parallel, and the 
eprees of latitude and longitude equal in all places, which is only true at the 
quator. p ' i ; ** 
2. The equator is a line drawn Eaſt and Weſt, and is go degrees diſtant from 
ach pole : From it latitude beginneth, and on it — is counted. i 
3- The poles are two oppoſite points, one called the North pole, the other the 


titude go degrees. ; 
4. The meridians are lines (in this chart) parallel to each other, and perpen · 
r Pardilelo of luitae ave) parallel to the a 
e itude are lines el to uator, and lie Eaſt and oth 
3 Latitude is .ahe breadth, or diſtance of . parallel of latitude 8 g 
Juator ; from whence it is counted both ways to each pole, ending in go de- 
ces, — latitude. : 4 t. | 1 
7- North latitude is on that fide the equator towards the North pole, and South 
itude towards the South pole. „ 9 7 | | 
g. Difference of latitude is the breadth or neareſt diſtance of any two parallele“. 
latitude ; and ſheweth how far one place lies to the or Southward 
the other; it never exceedeth 1 ＋ degrees. 


9. Lon git, 


outh pole, and lie North and South from each other; at them is the greateſt - 


„ 
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| Other 


— — . ̃ ͤ —Tʒ— . —X 
a N a N - 
* * 


' 25 * i, | * 


1 


e (in is reckoned on any paraſſel of latitude, ani b N 
8 Han. f till it Fin 60 gon EP the eres 5 "+ 3 A 
10. — of longitude, e ance, and de dure from the me. 1 1 2 
(in the plane chart) one pr the ſame thing, and is the nearef - 
| diſtance of any two meridians; it ſheweth how far one place is to the Eaftwarafil . 
| or Weſtward Þ another. ade tf - "Wis 
To find the Latitude of any Place in the Chart. 5 F : - 
Rule r. = the neareſt diſtance of the place to any parallel ör Eaſt and Weil 4 6 

© Lay that diſtance on the graduated meridian, ſetting one foot of the com- N 
paſſes in the ſaid parallel, and turning the other foot the ſame wa „ the e = 
Place lieth from it; the laſt foot ſheweth the Tatitude required. th. 
8 Example. What Jatitude doth the Lizard in England lie in ? ai 

1. Take the neareſt diſtance from the Lizard to any parallel, or Eaſt and Wet 
2. Lay chat diſtance (on the graduated meridian) from the ſaid parallel, and 2 
che moveable foot ſheweth 49d. 57m. the latitude of the Lizard, and it is North © 
| latitude; becauſe Northward of the equator ; do fo for any other place. th 
5 57. To find the Courſe or Bearing from one Place to Ser; . 
The R U I. E is, 3 
1. — A ruler © on the two places given, and take the neareſt diſtance frdk the pc 
y compaſs to the ruler's edge. 


2. Slide the compaſſes (being at that diſtance) with one foot cloſe to the ruler, 
and the other perpendicular to it; in ſo doing, the perpendicular foot points 
(among the chumb-lines) the courſe, or bearing of the propoſed places from one 


Example. J demand the coutſe from the Lizard in England to the iſland 


. Laying a ruler's edge on the Lizard and Madeira, take the neareſt diſtance 
15 the center of a compaſs to the edge of the ruler. 

2. Slide the compaſſes along by the ruler, N one foot perpendicular to 
It, and it ſheweth (among the rumbs) the courſe to be SW. by S. neareſt from 
the Lizard to the iſland Madeira; the oppoſite point, viz. NE. by N. is the eourſe 
from the land Madeira to the Lizard: 


' +8, To find the Diſtance from one Place to another. © _. 


Af Extend the compaſſes from one place to the other. 
ure that diſtance on the graduated meridian, which ſheweth the Since i in 


n This is ſo eaſy, that it needs no example. 
39. To find the Departure or Meridian Diftance between any Troy 


| Places in the Chart. 
"The rule. 1. Take the neareſt diſtance from one of the given places to any 
being kept at that diſtance, move them Pd naa along 
that, Seen, ll ou Aae both feet of the compaſſes into the parallel of the 


the compaſſes. 
. nn take the * — from the perpendicular foot to the other propoſed 
| place, which eg monroe on the graduated meridian, giveth the . 


— 1 demand the meridian eile beau. Lizard and Cape Fi 
niſterte. a 
5 i, Taks 
2 3 £6 I 


be Us E of the PLANE CHART. 
1. Take che neateſt diſtance from the Lizard to a meridian, and ſlide the em- 


tes with one foot on it, and the other perpendicular, till both feet come to tlie 


mes parallel of Cape Finiſterre. 


2. Then take the diſtance from the perpendicular foot to Cape Finiſterre being 
ecaſured on the meridian, is 44 degrees, or go leagues, which is the meri 

"FHitance, and ſheweth Cape Finiſterre is go leagues to the Weſtward of the e. 
Fidian of the Lizard, and conſequently the Lizard lies go leagues to the Ealty ard 
of the meridian of Cape Finiſterre. — -— 
Co. The Latitude a Ship is in, and ber Meridian Diſtance giuen, 


to find in the Chart where the Ship is. gl 
The Rule. Lay off the meridian diſtance (according to its nature, * | 


che Eaſtward or Weſtward) from the place it is counted from; and then the ne 


diſtance from that, to any meridian, muſt be kept in one pair of compaſſes. 
2. With another pair of compaſſes take the neareſt diſtance of the latitude, from 


any parallel, or-Eaft and Weſt line. 


3. Then move both pair of compaſſes perpendicular, one on the meridian, the 
other on the parallel, till both perpendicular feet meet, and there is the point on 
the chart repreſenting the place the ſhip is in. | ol 

Or, lay a ſcale acroſs the latitude, and draw a line with a black-lead pencil. 


then lay the ſcale acroſs her meridian diſtance found from the firſt meridian, as | 


will be hereafter taught, and croſs the former line at right angles, the ſecant I 
point will be the ſhip's place. 3 | 

Suppoſe a ſhip in lat. 43d. 3om. North, whoſe longitude, departure, or meridian 4 
diſtance from London is found to be 15d. 3om. W. required her place on the 
plane chart. ; : = 

Lay a ſcale from 43+ degrees on the right hand fide the chart, to the ſame | 
degrees on the left hand fide, and draw a line near the given longitude ; then lay 
the ſcale to the given longitude 154d. at the top and bottom of the chart, and 
croſs the former line, the ſecant point A will be the ſhip's place; from which her | 
courſe and diſtance to any required place may be found by (57) and (58).+ The 
black-lead lines may be rubbed out without damage to the chart. * $8 | 


61. Plane Trigonometry applied in Plane Sailing. 


Defini-MAvigation is the guiding or directing a ſhip (through the ocean) from | 


tion 1. 


one place to another; it is divided into two general heads, domeſtic 
and remote. | 


*: # 


2. Domeſtic, or home navigation, is 
coaſting, or ſailing along ſhore, in which 
the mariner's compaſs, and lead, are the 
chief aſa 2 #5] 

Remote, which more properly 
bans the name of navigntions 185 
conducting a ſhip to any port, and the 
finding what latitude and longitude ſhe 
oY is in, at any time; for which purpoſe ix 
is abſolutely neceſſary to be provided 
5& with a mariner's compaſs, to determine 
the courſe ſteered, the log-hine and half. 
minute glaſs, to determine the diſtanes 
ſailed, and a quadrant or ſextant to de- 
termine the latitude. *  - 2 

4. The compaſs is a circle divided. 
into four quadrants, inci 


» Or C1 
pal points; Eaſt, Vet, North, and 
South z | 


PLANE SAILING. . 
3 each quarter into eight e parts, being in all 32 rumbs, or points; fo "M 
no lhe ted vn how, or iMG. 


e 


6. The third help is, the knowledge of the latitude from whence the mariner 
fails, to which he is bound, and where the ſhip is at any time; this is attained by = 
r with the quadrant, of which particular notice will be here- 

en. 0 

ow by any two of theſe three things being exactly known, viz. the difference 
of latitude, courſe and diſtance, the navigator can determine the place of the ſhip WK 
at any time, and future courſe and diſtance to his intended port, by plane trigo- Up 
nometry, the many and great uſes of which will be fully exemplifcd in the 
..- of it to plane and Mercator's ſniling. | 3 
Firſt, In plane ſailing, where it may be neceſſary to note that Go geographical 
miles (which are always uſed in ſailing) or 20 leagues make a degree, or the 
380th part of the earth's circumference, each geographical mile contains 6090 
feet, or 810 feet more than a ſtatute mile, which contains 5280 feet; about 
Sg ſtatute miles make a __ | | 
The above calculations, ſuppoſing the earth to be truly ſpherical, were made 


© from article 2639 et /equentes of the laſt edition of De la Landes, altronomy. 


| General RULES. 
62. To find the Difference of Latitude between two Places. 


| == Bath latitudes North, or both South, ſubtract, gives the difference of latitude, 
Nut one North, and the other South, add, gives the difference of latitude. 


A 


aw 


Cape Finiſterre — 42 520 N. Cape Finifterre — 420 521 N. 
| Fußchal — — 32 33 N. Ferdinand Noronha — 3 56 . 
Diff. lat. — 10 14 iff. lat. — — 46 48 
 Multiplied by — 60 | Multiplied by — 60 
In miles — — 614 ' Ta afles wn. me 2808 


| 6 3 „ The Difference of Latitude given to find the Latitude the Ship is in. 


In North latitude, failing to the Northward, and in South latitude, ſailing to 
the Southward, the latitude increaſes ; therefore add, 

But in North latitude, failing to the South, and in South latitude, failing te 
che North, the latitude decreaſes, then ſubtract. + | 

Note, If the difference of latitude be greater than the latitude failed from, in 
the laſt caſe, the ſhip muſt have croſſed the equator, then ſubtract the latitude 
from, from the difference of latitude, the remainder will be the latitude in of a 
I the difference of latitude be given in miles, reduce them into degrees, 
dividing by 60; if in leagues, dividing by 20, remembering that the remainder 
is leagues, and muß be multiplied by 3 to reduce it into miles. 185 
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"M A ſhip fails North from latitude 489 20/ N. till her difference of latitude. is 
DT M 168 miles, 3 the latitude in? 


1 6,0) 46,8 Lat. from 48? 200 N. 
3 "oo — Diff. lat. ® 7 48 7 

Caſe J. 7% 48/ Diff. lat. . 
t, Lat. in $5. 8 _ 
de A ſhip ſails South from latitude 489 29/ N. ?till her difference of latitude is 
at iss leagues, required the latitude in? 

15 ide Lat. from 48? 207 

. c 23” 8 . 
er oc II. 3 Lat. in - 24 56N. 
7 „ 
— t 234 miles 

A ſhip fails South from latitude 307 N. till her dkerence of latitude 1s 468 
de miles, n the latitude in? 
p Diff. lat. 70 48 
Fe Caſe Ill.] LX. from 3 7 

: Lat. in — 4 41 S. 

al BY A ip fails North till her difference of latitude is 468 miles, and then is in 
ce atitude 7“ 14 S. required the latitude ſailed from? 
0 Diff. lat. 70 487 
« CaſeIV. E , 14 


Lat. from 15 28. 

64, The Sum of the three Angles of every Plane Triangle is equal to 
16 Points of the Compaſs (25): For 

1 Point | ſ 11d. 15m. 


8 | . go 7 
4 Points of the .compals. 18 equal. bo — Degrees: 


F- a Ship ſails Eaſt er Weſt, ſbe keeps in hs ſame Latitude; a” 
if a Ship ſails North or Scuth, fhe keeps in the ſame Longitude, 


and departs nct from the Meridian. 
Note, Plane-ſailing is divided into three parts, viz. | 
1. In a right-angle-triangle, relating to a ſingle courſe, in which are fix caſes. 
2. In a right-angle-triangle, relating to ſeveral courſes, called a traverſe. 
3- In an oblique triangle, in which are but four caſes, though a multitude of 
arious | pr 
The firſt part of plane-failing is contained in the fix problems, or caſes | 


ollowing. 


66. Courſe and Diftance failed given; to find the Difference of Lack 


tude, and the Departure from the Meridian. "Y 
Example. Admit a ſnip runs 496 minutes SW. by W. 66. | 
from the Lizard in 49d. 57m. North latitude ; I demand 
he latitude ſhe is in, and how far the is departed from the. 
rug I ſuppoſe th 

n all problems of navigation, ſu e u 8 
ae book or ſlate, to be — North; —_ the rice -hand is . 
he Eaft, the lefi-hand the Weſt, and the 9d, end 19 ae. 


South. 
C 3 _ To 


being all ſolved by the ſame rules, as are given in trigonometry (36) &c. 
> only under different names as, a * 


' and the ſhi 


9 — 


4 _ rumb, or point of the compaſs, maketh with the meridian, at the end of 


FF C. ſec. courfe 


. 235 457 97 4 paints on — — 9279 


3B PLANE SAILING, the FIRST PART. 


To delineate this Problem by the Plane-Scale, (z5.,) - 
ſe is Weſterly ; 


"7 
. 
O = 
N 


1 by 


To 


&c. of practical geometry; and ſuch are all the caſes in this part of plane-ſailing; 


1. The hypothenuſe AC repreſents the point of the compaſs the ſhip hath ſteered, 
s diftance run. . 
2. The leg AB, the meridian, that is, the North or South direction of the 
compaſs, and the difference of latitude. | | 
. The leg BC, the Eaſt or Weſt direction of the compaſs, and a parallel of 
latrode, and the departure from the meridian. F 
4. The angle BAC, the angle of the ſhip's courſe. 
The angle ACB, the angle of the complement of the ſhip's courſe. 
ote. The angle which the point of the compaſs, ſteered by, or upon, maketh 
with the meridian, or North, and South point of the compaſs, is called the angle 
of the ſhip's courſe, and the angle it maketh with the Eaſt or Weſt point, is the 
complement of che courſe. FR \ 0 | 
| The courſe, in this example, being SW. by W. is 5 points, from the South, or 
meridian, and makes 56d. 15m. complement of the courſe is three points ; 
that is 33d. 45m. as may be ſeen in the table, intitled, A table of the angles which 


For the difference of latitude, are theſe three proportions, (36. 
/ + , Badius | 2 C. ſ. courſe ry 
Sec Courſe } +» diſtance : : radius c +. diff, latitude, 
" C. T. courſe 


All theſe three proportions may be wrought by the logarithms, the firſt is, 
radius S. go? or 8 points —— ? —— — 10,000000 
Isto the diſt. 496 — — — w==— — — 2,695482 


3 — ; | — 
wen un een. —. = — — e 
F $23 1 By Gunter's Scale. 
, 4 3: diſtanoe eo ££ courſe : difference of latitude, 
nen + mine 275-1 vnn. 


+ 
* 


Latitude 


» 9 


I Ixr $A 1LING, the Finer 2 „% 


Latitude ſailed from, is — — 40d. 57m. North. 
The eee min. 273.6 07 Ad. 36m. Seneryr 


— — — 14. 


/ 6 
rly ; "oy 
the © 


#2 81 
225 Wn | 
"7 7 oY 


Pubtract (62) "giveth lat. the m i is in, gd. -21m. North. 


G0 2 Poor the departure, theſe three Proportions, 360) 
the Ps Radius . S. courſe | 
1 Sec. courſe : diſtance : : 4 T. courſe : departure. 


y it «A C. ſeceequrſe Radius - - 

p i The firſt proportion is the beſt to work; but for inſtruction, take the ſecond 
6 by logaritkms. 

it is As ſec. of courſe 569 15/ or 5 points — — 2.246732 co. ar. 


that Is to diſt, 490 — 2 — — 2.695482 
and So is tan. of courſe 565 15% or 5 points — — 10,175 107 
wil To the ap 402-40. me mens, ee i LR 3 
ne. 1 I )he firſt of theſe by Gunter's Scale. $123.) 
ven Radius: diſtance: : S. courſe : depart. from the meridian. 
25) 8. 8 points 496 min. : : S. 5 points: minutes 412.4 tenths, 
4 gs that the departure from abe meridian is minutes 412,4 tenths, which 
8 2m. meridian diſtance Weſt. The Student may now paſs on 10 (Tr 44 rad | 
od — oy » ragraph preceding, Article (74. | 
67. Courſe and Difference of Latitude given, to find the Diſtance my 
the and the Departure from the Meridian. 1 
F Example. If a ſhip runneth SE. by E. from 1d. 45m. North latitude, Pe” | 
L then, by obſervation, is in 2d. 5om. South te What is her diſtance and | 
departure? 8 | 
h This triangle ABC may be made by (27. * A 67. 
le In this Example, having latitude the ſhip failed from, J 
he and latitude ſhe is in by obſervation, there are the latitudes þ- 
of two places given ; and by (62) the difference of W 
or is found, as followeth: 1 
+ Latitude ſailed from — — 3 — — d. 45m, North 


of Q Latitude by obſervation, is —: — — 2à om. South 


— 


The difference of latitude, is — 2 — — Ad. zm. or 275 
* the courſe 5 points, eee Shae 3 points. | 
By Gunter's Scale (37). 2 
1f For the diſtance, the proportion may be this; * 
e. ſ. courſe : diff. lat.: : radius - diſtance, 1 


%. 


wa W 


8. 3 Points: 275 min.: : 8.8 points · 495 minutes, $ ___ 
2d. For the Departure, this; i | 3; 
e. . courſe : diff. lat.: --8; courfe - departure. „ HERS 


S. 3 points : 275 min.: ->6:5 points 411.6 minutes; Or 6: 
that is, the ſhip is ſo "s : 0 L © 
Foy lah e e 1-5 y Aeridizn SETS 


There is a Table to every quarter point of the hs aſs at th End 
but not uſed here, nor in the falowing Exanges, fort ae reaſon ther [of his Wat 


, — 


Re as we. * | ds 


PLANE SAILING, the FIRST PART. 
By Logarithms, for the Diſtance (37.) | 
33 courſe 56d. 15m. w— —— — 9.744739 


Is to difference 275M. — — — 2,439333 


To the diftance 495m. — — —— 2:694594 M 1 
For the Departure. F | 
acc ig) — — —-A˙ o, 255261 co. ar. 
Is to 275 — ? — — — — 23.439333 
So is S. 56 157 — = — — 9.919846 


To Dep. 411,6 — —— — — — 2,614440 


The remaining lo : 1 proportions will be left for the learner's — 3 
being fully explained in Trigonometry. A 


68. Courſe and Departure from the Meridian given, to find el tri 
| Diftance and Difference of Latitude. 


le. If a ſhip fails NE. by E. from a port in 3d. 15m. South latitude, 4 
until ſhe depart the firſt meridian 412 min. — her diſtance, and What 
latitude ſhe 15 in? This triangle may be made — (27.) and ſolved by (37.) 


1K, for the Diſtance, the Proportion is this: 


B S8. Courſe-- Departure: : Radius - Diſtance : 
a >C Ss. 5 points · 412 min.: : S. 8 points -- min. 495.5 tenths 

_ 2d, For the Diference of Latitude, this : 

34 g. 5. courſe. departure: : c. 8. courſe -- diff. latitude. | 
S. 5 points · 412 min. ; : c. s. 5 points -- 275 minutes, 
which being reduced, is 4 degrees 35 minutes Northing, | 
by which find the latitude the ſhip is in. 

Latitude failed from, is — — zd. 15m. South 
Difference of latitude, is 275.3 min. or — 4d. 35m. North. 
| _ SubtraRt, giveth the lat. the ſhip is in - 1d. zom. . North, having croſſed the 
We equator. 


L 69. Diftance aud Difference , of Latitude given, to find the Courſe 
| and Departure. 


xample. Suppoſe a ſhip fails 496 min. between the 
95 — the * rt in 2d. 48m. S. latitude; 
mary then by obſervation is in Do. 23m. S. latitude : What 
courſe hath ſhe fteered, and what departure hath ſhe made? 
This triangle may be made by (26) and ſolved by ( 38). 
By the two latitudes mentioned in this example, the 
3 of latitude (62). 


Latitude failed from, is — — — 2d. 48m. South. 
Latitude by obſervation, is — — — 7d. 23m. South. 


edi . che difference of latitude 9 35m. or 27 m. 
iſt For. 


LY 


PLANE SAILING, the FIRST PART 41 
1ſt, For the Courſe, the Proportion is, 
Diſtance - Radius: : Diff. lat.. c. 8. courſe, or 
2439096 min.. S. god. : : 275 min. . S. 33d. 40m. 
Wich 3 from 90d. the 1 56d. 20m. is the Wan which 
makes 5 points neareſt ; or SW, by W 
2d. The Naga for the n is, 


Radius · Diſtance: : S. courſe -- Sn e 
S. god. . 496 min. : : S. 56d. 20m. . . 412 minutes. 


0. Diſtance and Departure given, to find the Courſe and Difference - 
4 | of Latitude. 


2 MM Admit a ſhip ſails 496 minutes between the Fe, B 
4 North and the Weſt, from the ifland Bermudas, in latitude | 
22d. 35m. North, until her departure is 412 miles ; what 
ourſe hath ſhe ſteered. and what latitude is ſhe in? This 
py Triangle may be made by (26) and ſolved by (38). 0 
iſt, For the Courſe, take this Proportion. _ / ” 
E Diſtance . Radius: : Departure -- S. courſe. & 
96 min.. S. god. : : 412 min. -- S. 56d. 1om. N. Weſterly 

hat is, 5-points, which makes the Fund x to be N.W, by W. 
| 2d. For the Difference of Latitude. 


adius . Diſtance : : c. s. courſe . Difference of latitude. Or, 


1. . got. -- 496 min.: . S. 33d. 50m. 276 1 min. or * 26 

| 5 
Latitude ſailed from — — — — 32 : 35 No. h. 
Difference of latitude 276 minutes, or — — 4 : 36 Northerly. 


| Vier —— ͤ > 


Latitude the ſhip is in — — — 37: 11 North. 


51. 8 of Latitude and Departure given, to find the Curſe 
and Diſtance. 


Example. If a ſhip's Southing be 275, and her Eaſting 412 minutes, what is 
er courſe and diſtance ? This triangle may be made by (28) and ſolved by (39). 


iſt, For the Courſe, take this Proportion. 
Diff. lat. Departure: ; Radius -- T. courſe, or alter- 


ately (14). 

275 min. -- 412 min.: : T. 45d. -- T. 56d. 17m. 
outh Eafterly, or 5 points, which makes the courſe to be 
E. by E. neareſt. 
zd, For the Diſtance, this Proportion. B 
S. courſe · Departure? : Radius -- Diſtance. 1 

8. 56d. 17m. -- 412 min.: : S. god. 255 5.3 min. | 
The ſux preceding problems are the common caſes of plane-{ailing, which the 
arnier ought to be acquainted with; and for that end I here add fix more for 
actice, whoſe anſwers may be found by the foregoing rules. 


Queſtion 1. H. ip in 2d 10m. South latirude, jails V. by Z. 89 leagues : What 


wrtuge is ſhe in, and what is her departure ? 
Avic. Latitude ad, iam. Forts e 17.36 leagues 


Queſtion 


4 PLANE SAILING, the FIRST PAN. 
Queſtion 2. A ſhip feils SSW. from a port in 41d. zom. North latitude, and then 
by objervation the ſaid ſhip is in 364. 57. North latitude; J demattt"rbe'd bediſtanc 
run, and departure ? N 
Auſcber. Diſtance run is 98. 5 leagues, and departure 37,7 leagues. i 
Queſtion 3. A ip /ails SS. half M. from 2d. 30m. South latitude, until rb. 
| departure be 59 leagues, I demand her diftance run, and the latitude ſbe is in? | 
Ager. Diſtance run 125.2 leagues, latitude 8d. im. South. --+- + 
Queſtion 4. IF a ſhip ſailed 360m. South Weſtward, from 214. 59m. South 
e. until, b oer vation. He be in 24d. 49m. South e,; N! 15 her cowrji 
and departure ? 


Anſwer. Courſe is SW. by W. half W. and . ny the meridian 5 
I ain 3 *. : 


| ©2806 0 


* 
RE. 


| Suppoſe a ſhip ſaileth 354 min. North Eaftward, and * 8 S 
5 — fare 2 until ber departure be 150 min. What is her courſe and eds ſor | 
8& in? 


Aꝛzſtuer. Courſe is NNE. a quarter Eaſt neareſt, and latitude the d. d is an, 
is 3d. 12m. North. 
Queſtion 6. Sailing between the Nin,“ and the Weſt, from a port in 
South latitude, and then arriving at ancther fort in 4d. 8m. North latitude,” w ih i 
| 209m. to the Weſtward of the firſt port: I demand the courſe, 4 di Mance from tb 
Vi port 19 the ſecond. . en 
- Arfwer. Courſe is * half W. and diſtance of the ports i is 422. 3 min, 
or 140.7 leagues. _ 


„ 


1 * * P 
* 1 


EN, Plane-Sailing, the ſecond Part; ſbewing . how to reſale a 
Traverſe, or bring ſeveral Courſes into one, 


AVING learned the neceſſary problems concerning a fingle . the 
| next in order is a compound courſe, commonly called a traverſe ; to under. 
nd which obſerve the following definitions. 
A traverſ:, is when a ſhip, meeting with a contrary wind, ſaileth on ſeveral 
Joviſes | in 24 hours. 121 

2. To reſolve a traverſe, is to reduce or bring ſeveral courſes into onè; the 
courſes are known by the compaſs, and the diſtance by the log, which in common 
Voyages is heav'd once in two hours, hut in ſhips of war, or to the n Indies, 
every hour, - 

3- The log, is a piece of thin plank, in the form of a ſector of a K the 
arc of which is = $6 with lead, to make it of the ſame ſpecific gravity 1 lea 
water, to the log a ſmall cord is faſtened, called the lo -hne, ene . 

4. The log-line is divided into equal ſpaces, ca N get diſtant | 
at every one of which a piece of ſmall marline is fixed between rands, and 
knotted with as many knots as there are ſpaces ; the firſt is meaſured from 2 

ce of ere put between the ſtrands 10 or 20 fathom from the log, ſo that the 
og 17 be out of the * occaſioned by the rudder before knots Tun, are recks 

(ow the log-line being wound on a reel, and the log put into the Aol 
if the log-line be yeered out as faſt as the pe fails, then look out how m 
h are veered ont in half a minute's time; an d ſo many mild er dite Per fr 


ſhip run in one ho! 


5. One of theſe miles contain. Eo feet, and is greater chan a e 
common mile, which is but 5 280 feet; and about 693 ſtatute miles on the _ 
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PLANE SAILING, the SECOND PART. 3 
ian, or any great circle, make a degree; but in the practice of navigation, 60 
miles or minutes are counted for a degree, therefore I call them minutes. 1 
6. In the ſteerage, or ſome convenient place of the ſhip hangeth a table, called 
e log- board, divided into 5 columns; wherein are written the hours of the day, 
courſes ſteered, knots, &c. veered out; and laitly the winds; as in the table 
following. uy; ' OS 


*% 


} 215 1 e 2 


8 * FO, * Ty 1 CORE; * 
e 


The Form of the Log-Board. | 
Hours | Bae. a | GS 
of the |, en Kast of 5 Feet, | WI. 
Day EE | | My l 5 
„ K. *P. 1 1 
2 | 8Wilys. A + ns 
4 | 7 | +4 | W. by N. : 1 
7-6 "0. 1 6 WSW 
"= ET 8 
io NW. by N. W. 4 8 WSW. 2 W. 
12 | 5 | . + | 
2 1 0 13 
4 SW. +] 6 WNW. 
6 | 8 | 5 5 
| 8 SE. 4 | 4 | SW. by 8 
10 SW. 44 5 S.. 
[2 | ESE. | x 3 8. * 


Note, The column for courſe is made ſometimes juſt before the column ſor the 
winds, and then the three narrow columns ſtand together. | 

7. The day begins and ends at noon ; that is, the firſt day of the month begins 
at noon, and the ſecond day does not begin till the next noon, &c. | 

8. Every day at noon the log-board ought to be copied into a log-book ruled 
— the log- board: then muſt be caſt up how much the ſhip bath failed on each 
courie „ „„ : 


9. If the ſhip ſails by a wind, it is uſual to allow one point for lee - way: fo 
that when the ſhip is cloſe hauled, and lieth 5 points and a half from the wind, 
yet her courſe corrected is 6 points and a half rom the wind. The beſt method 
of determining the lee-way, is to draw a line on the taffel of the ſhip, at right 
_ with the keel, on which line draw a ſemi-compaſs, by which the ſhip's 

de may be ſet, and the lee-way at any time nearly determined. * 
5, 10. | 
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10. The ſeveral courſes (being corrected) and diſtances, are to be brought i into 
one courſe and diſtance ; which is called reſolving a traverſe ; and to lay it do.]: 
by ſcale and compaſſes, take the four following rules, which give the points tha 2 | 
are between the courſe laſt made, and that to be laid down next, called the angle = 
between both courſes. eri 

Rule 1. Two meridians and two parallels; the leſſer courſe ſubtracted ron 1 
the greater, gives the angle between both comes; 99 

Rule 2. — meridians, and one parallel; add both courſes together. = 

Rule 3. One meridian, and two parallels ; ſabtra& the ſum of both courſe; 
from points. m 

Neue 4. One meridian, and one parallel; add 8 points, the leſs courſe, and . 
the complement of the greater together; the ſum is the angle. 2 2 

«Ay North and South are called meridians, and Eaſt and Weſt are called 7 

els | 


2. By complement of the greater courſe, underſtand how much it wants of J 


| 


3- To know the meridians, and parallels, the firſt and ſecond courſes are 2 & 
compared together, the ſecond and third, and the third and fourth, &c. 


73- Example 1ſt. AI Ship bound to a certain Port, meeting with 
contrary Winds, ſails firſt S. E. by F. 67 Minutes; then F. E. 

5 7 53; then W. S. W. 45; then N. E. by N. 74; thaf 
W. 57; and then S. by E. 83 Minutes; I demand the Difference 

of Latitude, Departure from the Meridian, and direct Courſe and 
Diftance from the firſt Place departed ? 


1. Sec down the ſeveral courſes and diſtances, with the points from the meridian, 
&c. as in the following table. 


DS, > yl td: | 5 
- S = 2.2 I Diff. Latitude | Departure in 
F Courſes 8 DS 05 I in Minutes. Minutes. 
* Sies 1 = 
55 2 W |= *|S Torch. South. | Eat. | Welt. | 
E byS. [67] 2 3 2222 
1 
ET 17.2 5 
AE xN. 244 3 3| 61.5 41.1 
5 Weft. 57 8 5 57.0 
8 £1434: 81.4 | 16.2 
| dup - - - 61.5 [183.7 | 138.6 _; 
Subtrack = - - - === --| 61.5 28.6 
| Difference of Latitude - -| 122.2 40.0 | Depart, | 
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In the fifth column put the points W N E. 
laying down, which are found by YES : 73. 
9 rules foregoing; the firſt courſe al- : 
s is the ſame with the points from the 
ridian: For the ſecond courſe, it is 14 
3 Wnts, found by comparing the firſt and 
ond courſes together, viz. one meridian 
one parallel, which by the fourth rule 
ee 14 points, for laying down: Again, 
Wn paring the ſecond and third courſes, 
is one meridian and two parallels; 
ich by the third rule makes 5 points for 
led ing down : Again, the thir and fourth 4 
rrſes compared, two meridians and two 
Br lets ; which, by the firſt rule makes 
oints for laying down; and ſo for the 
Wt, as in the foregoing table. 
z. By theſe points for laying down, it 
eaſy to delineate the traverſe ; 
(Firſt, Draw the meridian AB, and on 
| draw an arc, with the chord of 60 #2 
grees, on which arc lay 2 points; and 
aw - w_ by S. line, laying thereon (from A) 67 minutes the diſtance run 
by 8. 
Secondly, With a chord of 60 degrees, and one foot at the end of the SE. by 8. 
e, draw an arc, (always toward that point of the compaſs directed by the courſe) 
which lay 14 points: That is, take 7 rumbs from the ſcale of rumbs, and lay it 
ice on the ſaid arc; through that point, and from the end of the SE. by S. line, 
aw a SE. by E. line, making it 53 minutes long, ſo the ſecond courſe is finiſhed. 
Thirdly, At the end of the SE. by E. line, in like manner with the chord of 60 
grees, draw an arc, and thereon lay 5 points, by which and the end of the SE. 
E. line draw the WSW. line 45 minutes long. | | 
Fourthly, After the ſame manner draw the NE. by N. line 74 minutes long : 
hen the W. line, 57 minutes long; and then the S. by E. line, 83 minutes long, 
ding in C, the place where the Hip now 1s. 3 2775 
Laſtly, Draw a line from C to A (the place the ſhip departed from) and from 
let fall the perpendicular BC; then is AC the ſhip's diſtance from the place of 
parture, AB her difference of latitude, and BC her departure from her firſt 
eridian, each being meaſured on the ſame ſcale the other lines were taken from, 
Il ew how much they are ſeverally, and the angle BAC meaſured on the ſcale of 
ords or rumbs, ſhews her courſe. | | | 1 5 0389 
4. Then by (66) find the difference of latitude and departure from the meridian, 
thoſe courſes and diſtances ſeverally; that is, by the firſt caſe of Platie-ſailing ; 


departure from the meridian ; and that for each given courſe ; which place in 
Ir "_ columns, thus; if the courſe be North Eafterly, put the difference of 
tude in the North column, under (North), and the departure in the Eaſt column, 
der (Eaſt) ; if the courſe be South Eaſterly, then put the difference of latitade 
the South column, and the departure in the Eaſt column ; if South Weſterly, 
n in the South and Weſt columns; and if North Weſterly, then in the N orth 
fs _— 2s Le | 1 
s for Example. e firſt courſe in the foregoing traverſe is SE. . that 
South Eaſterly ; the difference of latitude, 55.7 — place in 1 
umn; and the departure, 37-2 minutes, put in the Eaſt column, as in the table 


in I eoing: The like obſerve all the reſt. a > 


ving the courſe, and diſtance run, given; to find the difference of latitade,- and: 


— ů — — 7 . 


table, the ſum of the North column 6:.5, ſubtracted from the ſam of the Sout #4 


departure, direct courſe and diſtance run? 


A this part of plane- ſailing is che leaſt uſed by navigators, it may be 


| navigator, in determining his diſtance from the land, without guefling at it, as 
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Note, When the coarſe is due E. W. N. or S. then place the diſtance failed in thi 
Eaſt, Weſt, North or South columns; as here the fifth courſe js W. the diſtano 
57 minutes is placed in the Weſt column, as you fee in the table preceding. * 0p 
5. Having found the difference of latitude and departure from the meridian fon - 
each courſe, and placed them in their proper columns; add up the North, South, ne 
Eaft, and Weſt columns ſeverally, and ſubtra@ the North and South columns, th 
one from the other, that is, the iſe from the greater, for the difference of latitude e* 
in like manner, the Eaſt and Weſt columns for the departure: As in the foregoingeP 


column 183.7, the remainder 122.2 is the difference of latitude Southerly : Ani 
the ſum of the Weſt column 98.6, ſubtracted from the ſum of the Eaſt colum 
138.6, the remainder 40.0, is the departure from the meridian Eafterly. Y 
6. Then having found the difference of latitude, and departure from the mer. 
dian, the courſe and diſtance may be found by (71.) And in this Example, 
e difference of latitude being minutes 122.2 Southerly, and the departun 
minutes 40.0 Eaſterly, the 3 will be South 18d. 7m. Eaſterly; that is S. bi 
E. three-quarters E. almoſt, and the diſtance 128.6 minutes, which was required 
After this manner you may work any traverſe; and for the learner's practice 
I ſubjoin the following examples. | =_ 
Example 2. Suppaſe in 24 hours a fbip ſatleth as follows, W. by S. zo minuten 
S. 33, NN. half W. zi, SW. 39, SE. , and ESE. 11 minutes : What is ba 
difference of latitude, departure from the meridian, direct courſe and diftance ? ; 
: Aufewer. Difference of latitude 67.9 minutes Southerly, departure 42.8 minute 
Weſterly, courſe is South 32d. 13m. Weſterly, or SW. by W. nearly, diſtance 
30. 15 minutes. | | 
Example. 3. Fa hip ſaileth {5y the log board) in 24 hours as * NME. $;l8 
min. SW. 74. E. by S. 92. NNV. 126 F. by W. 47, and NE. Ey N. 78 minutes: 
What ts ber difference of latitude, departure, direct courſe, and diſtance run? | 
5 ver. Difference of latitude 141.7 minutes Northerly, departure 55.6 Ea 
erly, courſe is North 21d. 25m. Eaſterly, or NNE. neareſt diſtance 152.3 min. 
r If a foip faileth W. by S. 87 min. N. 46. SSE. 75, E. 83. NW. bi 
W. 79. NE. by E. 57. aud NIV. by N. 64 min. I demand her difference of latitud: 


"4 
94. 


2 1 . 


Auer. The difference of latitude 88.6 minutes Northerly, departure 27. 
minutes Weſterly, courſe North 17d. 15m. Weſterly, or N. by W. half W. neareſ, 
diſtance minutes 92.68. | | 

This (geometrical and trigonometrical method of teaching traverſe failing if 
very ſerviceable to learners, if they have time, as it perfects them in plane trigs 
nometry rectangled, teaches them to handle their inftruments, and renders the 
points of the compaſs familiar, in ſuch a manner, as to make oblique ſailing ver 
eaſy ; but if time be wanting, I would now adviſe the ſtudent to learn how to work 
a traverſe: by the tables of latitue and departure either in this book, or in thi 
Seaman's Daily 'A/iftant, which is the method always practiſed at ſea ; then t 
make himſelf maſter of Mercator's ſailing, from (90) to (94) incluſively. 


- * 


. n . 88 0 


LI 7 


74. Plane-Sailing, the third Part, or the Dorine of Obligue Plau 
 -» Triangles,” applied in Problems of Sailing by the Plane Chart. 


I · 


of the greateſt ſervice to maritime ſurveyors, and much enlarges the ideis0 
ſtudent. The firſt example is particularly calculated for the a pe ideas 


& 


vantage of the 


the common method, when he takes his departur 
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ſhi ng down Channel; at A ſets the Lizard point by the compaſs 
7 8 — — WSW. 9 miles by the log to B; and — ds the Lizard 


cars N. ; required the diſtance of the ſhip from the Lizard at A and B? 
R 3 4 the te triangle there are given the angle A four / 74 · 
oints or 450 between the WNW. and WSW. points of WF N 
e compaſs; the fide AB 9 miles, and the angle B 5 CL "= 
inte, or 560 1. between the N. by E. and E NE. (the 21 3 2 
ie 5 ppoſite bearing of the ſhip's courſe WSW.) cenſeqtently : : 
he gagle O at the land 7 points, or 78 45” by (64). 8 Aſp"; ;% 


This ue v 1s en by (39) and folved by 


And "2 | ; 7 
f 432 <V 4 
F S. ACB.. AB: 8. ABC. AC. | W "I 


8. 7 paints «<9 min.: : S. 5 points 7. 63 min, B 


er. 
2 4s S. 78457“ — — 0.008426 Co. Ar. | 
tur Is to 9 min. — — 0.954242 
ö a S8o is 8. 56? 17 — 9. 919846 
red. | 
tice, To 7,63 min. — — . 8825 14 , 

And this ſhip bore from the land ESE. (je oppoſite point) 73 miles nearly at 


palirſt ſer. 
= S.ACB-- AB: : S. BAC. Bc. 
wutes S. 7 points-- ꝙ min.: : S. 4 points -- 6. 49m. 


ANCE Or 62 mies S. by W. at the ſecond ſet. 185 "= 
7. 8 The _ ef the compaſs muſt be allowed upon all 3 as will be taught 


wel ereafter, and if tliẽ hip bei in a tide” s way, allowance muſt be made in the diſtance. 


Ea 5. Suppoſe two Ports lie N. E, und S. V. and a $ hip ſails from the 

5 Southermoſt E. & E. 45 Min. ancther from the Northermoſt 

"i runs 72 Minutes, and then meets. #he firſt Ship: I demand the 
e . ;_ Comr/e /terred by the laſt, and the e of we Parts? NET. 
27.5 In the oblique triangle W 8 


arch, Let A re 75 
preſent the N 
ag D the Northermoſt - Ports | 
ie he ſide tht — — 4. 1; Ship 8 IS; and diftance. 3 
wy * E the place where” the ſhip” 8 part Fe , q 125 
work 2, „Niere are two ſides and one Ep op ſite wen; con- 
in th 75. 8 * by (31) andzſelved by (42.) ren 3 
en u . For the angle ADE, the ſecond ſhip's' courſe; the . 
Be is, 

5Ü*Wꝛ» Sick DE. Sr DX&B;: : Side AE . AUE. A 

8 + 72 ++ S. 67d.;5omi/ : 45m. . S. 35d. 15m. which ſub. | 
pia tract from SW. 45d. males the courſe 9d. 45m. 50: 

; >, 08h _ Wekerly; or S. three · quarters Weſt. A 

t. E> . Por the fide AD; the diſtance of the tue ports, the: 


nay b. LAS NE. - proportion i 18, | __ 
dea s. DAE -. Side DE: ; S. AED. r —_ 


t, wi 8567 2 8 72 min.: * 28. 276. ET” 7601 minutes. 
Fl 
A 


4 PLANE SAILING, the THIRD PART. 1 
76. Two Ships fail from a certain Road; one ſails S. S. E. 50 Minutes, 1 


the other S. S. V. 3 5 Minutes ; I demand their a and C =p 


une 2 
In the eine triangle ADE. 
Let A repreſent the road. | 
AD the firſt - } Ship's courſe and 
The fid AE the ſecond - | diſtance. 
DE the diſtance and bearing of the two 
ſhips. 


Here are two ſides and one angle between them given; | 3 
conſtructed by (32) and ſolved by (43.) 3 


1. For the angles AED, and ADE. 


in. From the three angles 180d. om. 
in. Subtract the angle DAE - - - 45d. om. 


5 |Sum of AED, and ADE - — - - - - 135d. om 


in. The £ ſum of AED, and ADE - - » - < 67d. zom. 
Sum fides -- Diff. fides : : T. 4 ſum angles -- T. 2 diff. angles 
Ss minutes.. 15 min. : : T. 67d. 3om. + T. 23d. zm. 
The half diff. of the angles 23d. 5m. 5 


———— —̃ 


Added, gives the greater angle god. 35m. AED. 


 Subtrated, gives the leſs angle 44d. 25m. ADE. 


which added to SSE. 22d. — — is South Eaſterly 66d. 55m. and North Weſterly 
66d. 55m. that is ESE WNW. neareſt, is the bearing of the two ſhips. 


2. For the fide DE, their diſtance, the proportion is, 
S. ADE -- Side AE: : S. DAE . Side DE required. 
$.4zd.25m. -- 35 min. :: S. 45d. om. . 35,36 min. 


77. Sujpojſe a Ship ſails N. E. 50 Leagues, then South Eafterly 85 
Leagues; and then forced back by foul Weather 105 Leagues to 


the Place from whence ſhe ſailed: I demand ber ſecond Conrſo, 
ang ber laſt Courſe back ? 


. 


In the oblique triangle ADE, let A repreſent the place 
ſailed from, AD the firſt courſe and diſtance, DE 
| ſecond courſe and diſtance, and EA the third. 
Here are three ſides given, and - triangle is con- 
ſtructed by (33) and ſolved by (45 

1. For FE, the difference of o ſegments AB ns 


Lo” BBE, the proportion is, 


Side 


* * 


eint sAILI NC, the THIRD PART. 
„ on sss. An . hm DE & DA : : dif. DE & DA. TE diff. E. 
* {Da $9(105 leag. -- 135 leagues : : 35 leagues . 45 leag, 1 


- 


A 


45 FE difference of the ſegments AB and BE. * 


Sun - 13 | 
ir. - 35650 1 „ 7; BE the greater ſegment, 
| "} uf 55 85 Jae half 1s { 30 AB the leſs ſegment. 


2% Side A og Leagues. | 
. For the angles DAE and AED, the proportion is, Ss = 
KH Epos a AD.. Radius : : Leg AB. C. ſ. DAB or PAE. 1 
Ws 5oleag. . S. god. : : zo leag. «- c. f. 53d. 8m. which being added to the NE. 
. makes N. Eaſterly 98d. 8m. or South Eaſterly 819. 33 ſo that the courſe 
nE to A is W. by N. a quarter W. back to the place firſt failed from. And again, 
Hypothenuſe DE- Radius:: Leg BE -- C. ſ. BED, or AED. 
1 85 Leagues · S. god. : : 75 Lea. . . C. ſ. 28d. 3 
Wich ſubtract from the South Eaſterly 81d. 52m. leaveth 5 3d. 47m. or 8E. 
ee quarters E. neareſt, for the ſhip's ſecond courſe from D to E. | 
rgneſe are the kinds of queſtions relating to oblique triangles, of which 
Ititades may be propoſed ; here followeth ſome to exerciſe the young learner z 
ſolved by the foregoing methods. ; 1 | 
Suppoſe a Merchant-man in 45d. 3om. North Latitude er; into thb 
| Hands of Pyrates, who take away his Sea Compaſs ; after which he ſaileth 
as direcily as he can 67 Leagues between the South and Weſt, and at the 
End of the two Days meets a Ship of War, who alſo had been the Day be- 
fore in 45d. 30m. North Latitude, aud had ſailed thence SE. by S. 39 
Leagues; now the Merchant-man left thoſe Pyrates plying to and fro where 
they robbed him, and the Man of War being deſirous to find them; I demand 
what Courſe he muſt jbape to ſpeak with them ? 5 ! 


ſnſwer. North 61d. 3m. Eaſterly, or 
„by E. half E. the man of war muſt , | 7 8. 
er to find the pirates. 8 
2 : 
LI 


Hor this problem is an oblique triangle; ! 


. 


d ſides and one angle oppoſite given, to WI. 
the angle oppoſite to the other fide ; | 
ich triangle is made, and ſolved as 


5. 


e 
ly 


Caſting along Shore, I ſaw two Capes of Land; the firſt did (by the 
4 7 WA: by N. 2 | 


inutes, until the firſt bore from me E. by S. and the ſecond S. by 
85 he Bearing and Baiba, of them is required, | | 
to awer. South 37d. 


| 58m. Weſterly, or SW. b 
half W. and NE. by N. half E. neareſt; Fd D 
e 6.221 minutes, | 

ote. In all queſtions of this nature you muſt, 
preparative work, find the diſtance of each Cape 
n the ſhip, either at firſt ſetting, or at laſt 
ng ; which is evident by the projection, thus: % 
ing drawn a circle, quartered it, and r? 
d the letters N. 8. E. W. produce AN up i 
er, becauſe the firſt Cape's bearing is North. 
Lay 6 2 from N. towards W. and draw 
WNW. I e, for the ſecond Cape's bearing. . | 
* | pointe from N. towards W. and draw 8 3 
W. 7 N. ins g minntes kong from A to D, the ſhip's ee iſtance. 


ide 
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Then lay 7 ts from S. towards E. and laying a ſcale on it and 1 
"RE J'S by. — parallel to the cuge of the feale, to cut the Nori 
Une in B, the firſt Cape. | 


5. In like manner lay one point from S. towards E. and lay a ſcale on it a0 1 
A ; draw a S. by E. line from D, parallel to the edge of the ſcale, to cut th 8 


NW. line in C, the ſecond Cape. 2 
6. Draw a line Ham B to C, and it is done. For the line BC repreſents ti 


bearing and diſtance of the two Capes from each other, which being meaſured er A | 
le A8. fide AD was taken from, will ſhew their diſtance aſundet] 1 


"meaſured on the ſcale of chords or rumbs, will ſhew they 
h is South by hacer, and North Eafterly. 


pie | trigonometry, it is neceſſary to find — ſides A] 
. DR 


and DC, which is done in two oblique triangle A + 


, in 2 all the angles and one ſide are given to find a fide. 


relents the place of the ſhip at firſt ſeeing the Capes, and] 7 | a] 


e them. 


B and AC, or DB and DC, are found, then is ther 


le C, or DBC to work in; then BC. (the · ſide comma 


trian 5 with its adjacent angles may be found, by which their bearing | 


and diſtances from each other are diſcovered: And in each triangle there are tw 
Ades and one angle between them given, to find the other angles and third ſide. 


Problems i in turning to Windward. 


30 Suppoſe the Wind South, and a Ship is bound to 4 Port 40 
Leagues directiy to Windward, and makes ber Way good withi 
64 Points of the Wind, I demand ber Diſtance failed upon cad 
Tack, to gain the ſaid Port? 


| | Hnſeger. 822. lea is the ſhip's 

fled . It 1s pro- 
jected by the plane-ſcale, thus, 

1. Deſcribe æ circle with a chord of 60 


| = quarter it, and place N. B. S. W. 
1 A, as by (78.) 


the idian, 
e the 


towards E. 
draw the ESE. ZE. line - 


, ae towards W. and laying a ſcale on it and A, d 
8. 1 „Ine, and parallel to it draw the line BC, to cut the ESE. 21 
in C, the place where the ſhi tack' d, and it is done. 

ents the _ ip failed from, 22 400 leagues di A 
windward, AC eq „ the ſhip's. diſtance failed on each tack ; whi 
=» po rue aint cale AB was taken from will ſhew hw much it i. 
Bx to work it by trigonometry in the oblique triangle ABC, alt the'angles : 
| one fide AB being given, the other ſides AC and CB are found, as in 5 
becauſe two angles are equal, the fides oppoſite te em are alſo wa 
3 > 0 20%) 


„ : 
* 


2 
- ” 4 


* 
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PLANE SAILING, the THIRD PART: i 


"00 f 1 | ; 1 8 1 1 . >, CME 

a. 7he Wind SW. and a Ship pljing to Windward ( one o. 

nam Boards) bath run goo Leagues; that is 450 with the Lar- 
board Tack aboard, and 450 with ber Starboard Tack aboard, is 
Lot 300 Leagues direct co Windward: I demand bow near the 
3 2 fhe makes ber May? | | | ; 1 
1. A circle being deſcribed, quartered and ES 1 
nered, as hath 4 directed in the former C . 81. | SF... & 1 
roblems; then lay 4 points, from S. towards N ©. _ 
. and by it and A, draw a (SW.) line 300 8 : 
agues long, from A to B. 2 = | 
2. With 450 leagues (taken from the ſame Ag - : 
ale AB was taken from) and one foot on A, 3 WY 
axe an arc; alſo with the ſame, and one foot . 

dn B, croſs the former arc in C. ! . 
3. From C draw lines to A and B, and it is B_-: : 5 
done: for the angle, BAC, equal to the angle ABC meaſured on any ſcale of 
ords, ſheweth how near the Wind the ſhip makes her way. | 1 | 
But by trigonometry, thus: in the triangle ABC, all three ſides are given, to 
ind the angles, which may be done by (77) but, becauſe the ſides AC and BC 
are equal, let fall a perpendicular CD from C, which cuts AB in the middle, 
making AD 150 leagues equal to BD, and fo reduces the oblique triangle ABC 
nto two equal right-angled-triangles, ADC and BDC; whoſe ſides, and angles 
n each — are equal to one another; ſo that one proportion ſerveth to anſwer 
ne queſtion. | | 1,77 

For in the right-angled-triangle ADC, there is given the hypothenuſe AC 459. I 
eagues, and leg AD 150 leagues ; to find the angle CAD, which is equal to the. 
angle CBD, the ſhip's courſe from the wind, by (38) it is ; welt 
ypot. AC . Radius:: Leg AD. S. ACD or BCD. 7 | 
450 Leag. . S. god. : : 150 Leag. . S. 19d. 28m. ets well 
Or their. co-fine 70d. 32m. for CAD==ABC or 64 points, the ſhip's courſe. : 
rom the wind SW. that is, her courſe is SSE. I E. with her ſtarboard tacks 
aboard, and NW. by W. 4 W. with her larboard. 


82. Admit a Ship bound to a Port that lieth SIW. by S. 484 Leagues 
Diſtance, the Wind S. by E. and makes ber I ay good within 64 1 
„Dont: of the Mind; I demand how far ſhe muſt ſail upen each 
Tack, to gain the Port? | 8 ee eee 
7. The circle deſcribed, quartered, &c. as formerly, lay one point from G, 
ewards E. and by it and A draw a S. by E. line, ee * | 
2. From S. towards W. lay 3 points, and bs "oe 
y it and Adrawa SW, by S. line 484 leagues 82. 3 


3. From the Wind 8. by E. lay 6 2 * 
owards W. tr Ka A ke ep JW. ; 
W. line AD. . 

4. Likewiſe 61 points 'from thi 


. 4 — , 
1 ö f | 
1 
* - 2 5 8 
- oy 5 


en from C draw an E r 
the wind (S. by E 3. 
© BW. by W. 1 W. line in B. TW 


2 


* wo K 
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failed on each tack, which being meaſured on the ſame ſcale AC was taken from, 
Will new much the diſtance ſailed on each tack is. | 
In the ablique triangle ACD, all the angles and one fide is given to find the 
| ether two fides by (94)  _ 
7 — ADC, Side AC : : S. ACD. Side 4 | 0 OY 
E points. 484 leap. : : S. 104 points . 689.8 leagues, is the ſhip's diſtance 
failed der 9 — 4 * : : K 
— S. ADC. Side AC : : S. CAD. Side 5 2 RN 25 
- 3x points -- 484 leag. : : S. 21 points . 326.3 leagues, is t ip's diſtance 
ſatled on the ſtarboard — VER | P x 
83. If two Ports lie SIV. by S. and NE. by N. diſtance 484 minutes, 


the Wind S. by E. and a Ship ſails from the Northermeſt Port, cloſe 1 


uppen a Wind 695 Minutes, with her Larbcard Tack aboard, and 
332 with ber Starboard Tack aboard, and then arrives at the 
Soutbermoſt Port: I demand how near the Wind ſhe makes her Wa 
good upen each Tack? | 


Anſwer. vod. 32 min. on one tack, N 
and 70d. 31m. on the other, which is 83 OY 
8 points from the wind; that is SW. „„ $4 
= by W. i W. with her larboard tack, 4 TRE 
& and E. by S. + E. with her ſtarboard i 2 : 
| tack. | 

Which is thus demonſtrated by the 
, plane ſcale . 

r. Deſcribe a circle with a chord of 
50 degrees, quarter it, &c. as formerly, 
then lay 3 points from S. towards W. 
and by it and A draw a SW, by S. line 
484 minutes long from A to B. 
2. Lay 1 point from S. towards E. 

and by it and A draw the S. by E. line AC. | 
\ 3. With 695 minutes (taken from the ſame ſcale AB was taken from) and one 
foot on A make an arc; alſo with 332 minutes, and one foot on B, creſs the 
= former are in D. | . 

From D, draw lines to A and B, and continue the line BD 'till it cuts the 
8. * line AC, in C, and it is done; for the angles BAC and ACD, meaſured 
on the ſcale of chords cr rumbs, will ſhew how near the wind the ſhip makes her 
„ 5,rvap on each tack. | 
1 the oblique triangle ABD, all the three ſides are given to find the angles; 
dat is, the fide AD ms ones, fide AB 484, and Fe BD 332; to find the 

angles BAD and BDA, by (77) | 

Problems concerning Currents. 

84. Suppoſe a current ſets SSM. 9 miles, in the ſame Time that a 
Ship fails NNE. 7 Miles: What is her true Courſe and Diſtance ? 

It is evident that the ſhip muſt have been carried 2 miles SSW. by the current, 
and have ſtemmed or reſiſted 7 miles of its motion by a direct oppoſite courſe : For 
whatever quantity of motion any force generates in a given time, the ſame quan- 
ity of motion will an equal force deſtroy in the ſame time acting in a contrary 

direction; and, had the ſhip's motion been equal to the current's, ſhe muſt have 
remained in the Tame place. . | 4" ir 

882 3. If 


” 0 


PLANE SAILING; the THIRD PART. 33 
. If a Current ſets E. 4 Min. an Hour, and a Ship Jails E. (by 
Ws the Log.) 5 Minute: in an "Hour : The © Ship's true Courſe. and. 
== Diftance is require? © | $5, 885 

i The ſhip muſt have made her way good 9 miles Eaſt, having failed 5 miles in 
2 ge direct line that the current alone would have carried her 4 miles. 


bs. Suppoſe a Current ſetteth E. 2 Minutes an Hour, and a Ship 
ils S. 6 Minutes an Hour: Ihat is her true Crurſe and Diſtance # 


2. | Anſwer. South 18d. 26m. Eaſterly, or S. by E. 2 E. is the ſhip's true courſe 

iſtance, minutes 6,625. 5 

3s 5 By the Plane Scale, it is thus demonſtrated. 7 

1. Aſter a circle is deſcribed, &c. then lay 6 minutes on the meridian from 

WA to B. 

= 2. Draw BC parallel to WAE, and thereon lay 2 minutes from B (towards 

he Ny ins to C. | 225 | 
3. 


ͤw— 


hen draw a line from A to C, and complete the 6 N 
Parallelogram ABCD, then AD will repreſent the cur- 86. 3 
Fents motion, AB the ſhip's apparent courſe, the angle * | 
BAC her true courſe, and AC her true diſtance by (13.) ry 3 

In the triangle ABC both legs are given, the leg AB W: 
6 minutes, the ſhip's ſuppoſed diſtance, and the leg BC 
minutes, the current's motion, to find the angle BAC 
he ſhip's true courſe, and the hypethenuſe AC her true 
liſtance by (36.) | 


| 1 


7. If a Ship ſails S. by E. 36 Minutes in a Current, and then. 
arrives at a Port which lieth from the Place ſhe departed from SE. 


by S. Diſtance 45 Minutes: I demand the Current's Motion, both 
in Quality and Quantity; that is, how it ſettet». and how fat, 
Anſwer. The current ſetteth 8. 57d. 21m, N E | 
aſt; or ESE. 24.9 minutes; and 1s demon- „ 
rated by the plane ſcale after this manner; (13.) 4 
1. As before, having deſcribed a circle, &c. 
ay one point from S. towards E, and by it and 
\ draw a S. by E. line 36 minutes long, from 
to B. : 

| 2. Lay three points from S. towards E. and 
y it and A, draw a SE. by S. line 45 minutes 
dng, from A to C. | «x Bk 
3. Then draw a line from B to C, and com- J- 
lete the parallelogram ABCD, then the angle 
CB ſheweth the current's motion as to its 
uality, which way from the SE. by S. and the 


it, Ne BC meaſured, ſheweth the current's motion, 4 * 
or $ to its quantity, how much, or how faſt, | 


In the oblique triangle ABC, there are given two fides, and an incluged angle: 
dat is, the fide AC, 45 minutes, the fide AB, 36 minutes, and the angle AC 
o points, equal to 22d, zom. to find the angles ABC, ACB, and the fide BC; 


W (75) 43.) | | 


B 7 frefrmey Then 


„ en 4 Leagues, The Tide fetling NE. 2 Miles an Hour, 


the NE. line, to repreſent 
de ſet of the tide; and take 


——L; that is, if you 


* * * 8 * . a g 
* 


nr e eee e FART. 
80 of Ship, beme ward bound, males Scilly light, bearing N. by. 


zhe Ship running 3 Miles an our: I demand what Courſe ſpe n 
ue to bit the Lizard, bearing Eaſt from Scilly, diſtant 17 Leagu 


Anais. 3 


| and quarter it; ten NM 7 
N * ta and NE. * J 
| upon former 121 
from A td S. ant WE 
preſent Scilly ; from 


el to the Eaſt line, and 


E repreſant the Lizard; : 
AL the diftance of the . 


S8. L. 17 leagues. 


y any diſtante, AB, upon 


hich fa * 


A 3 8 


take once, twice, thrice, Sc. : =o | | 
— of the tide, you muſt * e 

ſhip's run as often (draw AD parallel to BC, and DC arallel to 4 

— ie 1D wil be the crack the ſhip muſt ſteer to the Lizard, | 


" In nds le ere ts given che le ASL 9 points, or 101d. 19 
* fides A 11 3 * 1557 pe dagen find the 9 po SAL, and ade! 
en. * apr eee angle BAD 3 Points; ad there 
* 2 5 Then in the triangle A B there dei given chk 

25 CE Ys nd the ſide BC 3, 6, or 9s &C.. reſ Quyely, to find 
= 1. 85 fo es the angle CAD) which added to B AC gives the a * 
e from the NE. 
Sem, with ſome alteration, is taken from page 219, of W: a 
Works, where, and particularly where it is copied, the conſtru6 
intelligible. 


b 


* Lal, commonh called Mercator's Sailing, 


* = A P. 1 


. } NAVIGATION, ior whe Dottrine of Pli 
 Right-Angle-Triangles, applicd in Problems of M.. Wrigh 2 


T is neceſſary to deſcribe Mr. W s chart, 
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8g. .. Defoription and Un of Mr, Wright's hn. 


>. 
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„ av 


HIS projection ſuppoſeth the earth :n1 ſea to make one round body or 
globe: In order to the right underſtanding of which, obſerve the following 
definitions, and compare the above globular projection with the chart. 
1. Upon the terreſtrial globe are 1magined two oppoſite points, ont g 
North pole, the other the South pole. | "Fs | 
2. In the middle between theſe two poles, or equally iſtant from "each; is 
drawn a circle round the globe, called the Equator; from which latitude taketh 
its beginni and in which longitude is reckoned, which is repreſented by the 
line AB in the chart, | 16211532 
+ Any circle or curve, drawn N both poles,” is ealled a meridian ? 
A au is any North os 80 line drawn in the chart, cuttings the 
Equator at 551 . . _ | 4354 3 
4. Thoſe circles, which are parallel to the equator, and tropics of which nN 
numbers may be ſuppoſed tu be drawn to ev degree e t + calted 
parallels of latitude, and are repreſented in the chart by the Eaf and Welt in, 
— meridians at right angles. " > Gf a 
5. Latitnde of a place, is the neareſt-diſtance of any parallel paſſing over ijt 
n counted bath ways to each pole, exidingy fin 99 
9 e. a ; 4 7...» 2 Sos 
. Net te iv on that” ige of the equator towarde the Nerd pate. and 
ok pen tu ha ſp ef he cre: rowards the South ple. 
7. Difference of latitude, it the-neareft diſtance between any two parallels7 3 


o 
* 


and ſheweth how far one place is to the Northward or Southward of axadig, jel 


never exceeds 180 degrees. 7 5 | 7 | 
: 8. Longitude, is reckoned in the equator by ſome, increaſing to the Eaftward, 
ul it ends where it firſt began in 360 degrees, the greateſt longitude ; Otherg' 


. 
* I © a 


5 a. g 4 C 
* G 2 * r 3 — * * 
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„ A DESCRIPTION of MERCATORs CHART: 


. on it from one meridjan, both Eaſterly and Weſterly, till both accounts meet 
= at 180 degrees in the oppoſite meridian. "Longitude with the Engliſh begins at the 
meridian of London, and from thence is counted Eaſterly,. Eaſt longitude 180 
| — and Weſterly, Weſt longitude 180 degrees, at which both longitudes 
end. The degrees of longitude are on the graduated parallels at the top and 
bottom of ſome charts (as of chis) which may be uſed inſtead of the equator or 
equinoctial line, when that is referred to, and in general more advantageouſly. 
Equator and equinoctial are often uſed as ſynonymous terms, but equator 
to the earth, and equinoQiial to the Heavens. | 
9. Difference of longitude, is that diftance or portion of the equator contained 
between the meridians of any two places, and ſheweth (in the — how far 
the meridian of one place is to the Eaſtward or Weſtward of the meridian of 
another, and never exceeds 180 degeres. 


From theſe definitions, or principles, there myſt neceſſarily follow theſe 


1. The diftance of any two meridians, in any parallel of latitude, is leſs than 
their diftance-in the equator, becauſe all meridians on the globe meet in the poles, 
I be degrees of longitade diminiſſi towards each pole; and the nearer the pole, 
the leſs they are, becauſe the meridians approach nearer to one another, the farther 
you ſail from the equator, towards either pole. | | 
3. The degrees of latitude are equal in all or parts of the globe. 
4- The ade chart, which counteth the degrees (as well of longitude as of 
Jatitude) in all places to be equal, is notoriouſly falſe. 
5. Mr. Wright's projection, commonly known by the name of Mercator's 
Chart, wherein (though the degrees of longitude are made equal, and the meridians 
to one another) the degrees of latitude are enlarged towards each pole, 
in the ſame proportion as the degrees of longitude diminiſh on the globe, will in 
© all reſpects very nearly agree with the globe, and is the beſt way of ſailing hitherto 


Fay - 7 find the Latitude of any Place in the Chart. 


Wii is the ſame as was taught before, in the uſe of the plane-chart (56) and 

| needs no further rule or example. i | 122 wr ; 

| To find the Longitude of any Place in the Chart. | 

© The” rule. 1. Take the neareſt diſtance from the propoſed place to any 

one the compaſſes (being kept at that diſtance with one foot on the 

© meridian) till both feet come to the equator, or graduated line at the top or 
bottom of the chart, and the foot which ſtood on the propoſed place ſheweth its 

- Example. I demand the longitude of Cape Finiſterre? _ 

Anſwer. About 10 degrees Weſt from London, | I 

Note; Some charts begin longitude at the Lizard, counting from thence Faft- 

- ward and Weſtward, 180 degrees, and others from — 3 me , 

To find the Courſe or Bearing of any twa Places in the Chart, 

| This is done 23 before, in the uſe of the plane chart (574) and needs no 


To 


nen 


* 


Caſe. 2. Two Places in the Equator given, to find their Bim 


The USE of MERCA TOR's CHART, 
To find the Diſtance of any two Places in the Chart. 


In this problem are four caſes ; the two 51 may be fituated under one 
meridian, under the equator, or in one parallel, or they may differ both in latitude 
and longitude. 8 | 2 Kg , 
Caſe 1. Two Places under one Meridian (that is, differing only 
in Latitude) being given, to find their Dijtance. 0 gen 
The Rule. Find the difference of latitude between the two given places, and 
it is the diſtance required. | 


How to find the difference of latitude between the two places, has been taught 
WES +, 


37 


9 


The Rule. Find the dif-ronce of longitude between them, and it is the liſta ; 


required. | 2 
To find the difference of longitude, fee (9o.) 22 E +4} 


Caſe. 3. Two Places in one Parallel (that is, differing only in 
Longitude) being given, to find their Diftance ++ 
Take half the diſtance between the two places in the compaſſes, ſet one in 


| the latitude of the places, and obſerve what latitudes the other foot will reach 
to both above and below it, the difference between theſe two latitudes is the diſ- 


tance required. | 


Example. I demand the Diftance from Madeira, to Charles- 
Town, in Carolina, both being nearly in Latitude 324d. North. 
Half the diſtance between Madeira and Charles Town, will reach from 324d. 

to about Z above and to.5d. below, the difference is 49 degrees, or about 980 

leagues, which is leſs than truth. „ dee 

Caſe 4. Tuo Places differing in Latitude and Longitude, Being 

given, to find their Diſtance.” 
The Rule. 1, Take their difference of latitude found by (62) from the 

equator or graduated parallel, at top or bottom. * 


2. Lay a ruler on both given places, apply that diſtance fo to the ruler's edge, 
that when one foot is placed cloſe to the ruler, and the other pointing direaly 
North or South, (that is parallel to one of the meridians) may juſt touch ſome 


Eaſt and Weſt line, * by the ſaid ruler's edge, there tay the compaſſes. 
Then the diftance (by the ruler's edge) from the place where the compaſſes 


reſted, to that place where the ruler croſſeth the aforeſaid Eaſt and Weſt line, 
meaſured on the equator, giveth the diſtance required. 70 | 


en e Example. 1 
I demand the Diſtance from the Lizard, to the Iſland Barbadoes? 
| 2 2+ 


The Lizards latitude is 49d. 57m. = 
And Barbadoes latitude is - 13d. = > 


* 


1 difference of latitude is 36d. 52m. by (62.) . 1 8 
Then take their difference of latitude 36d. 5 zm. from the equator, and laying 

a ruler on both places, apply one foot of the comgaſies ſo to the ruler's edge, that 

the other pointing N, may touch an Eaſt and Weſt line, crolled by the ruler ; * | 


1 Urne AT *. Þ ALY NG. h 
F FT (by the fuler's edge e from the 

* 52d. or 1140 leagues, the diſtance, too little. 
e to another on the Gunter's ſcale, the firſt repreſents the meri 


#5 a0; — tude. 


: Former line at rig gh an angles, the ſecant point will be the ſhip's place as in (60). 

|, ware ha y ly) a ſcale of miles. whereby diffances 

Particular charts have (commonly) a ſcale of lea ues or miles. where 4 

Are very accurately determined. ) F. d 
.To pat the Difference of n between #00 Places. ” 


1. If longitudes be of che ſame name, that is, both Eaſt or both Ap | 


fubtrae the leſs from the greater, the remainder is the difference of longitude. 
zd. If of different names, one Eaſt the other Weſt, add, the ſum be the 
| difference of longitude: but If the ſum exceed 180 —_ ſubtra@t i it from 360 
degrees the remainder will be the difference of lon 
A g pcs the difference of longitude between Madeira and Boten in New 
n | Boſton 8 70⁰ 377 W. 
Madeira —— — 17 6 W. 


n Rn. 22 


10 Miles 8 en — 3211 


© Wha is the difference of longitude between St. Helena and the Cape of Good 


* 1 
4s F =Y * 


* 


* 
— X 


1 Diff. len. 24 12 or 1452 miles. 
Wha is the difference of pines . Manila and Bolabota ? 
+ : | | Manilla . 1208 2 3 +: 


Bolabola — ab — — 2 52 W. | 1 aA 


A CE * 


5 K So» 
4 1 1 
« % - 222 2 2 „* " 
| * . Sap + 3 , 9 4 #5 4 

; 1 | ha . 2 : $0. Ye > 


Di. 3 — DE — ee 
In ſome charts and old tables the the globe 
e for the Uiferency of. lo 


. from the firſt meridian, then the 16, 
© Subtra&-rhe leſs ane tlie ago] ' the remainder e 


© degrees) is the difference of longitade ; but if the reminder be mom than 180 
© degrees, ſubtract it from 360 degrees, the the laſt remainder. is the. difference of 


; e 


i and Longitude "@ Place 
e gruen, to 8 the Ship 98 e . 


and in Weſt 


| „ filing to the | longitude, ſailing to 
1 2 : — bay — creaſes ; therefore add the difference of longitude 


te fur 3 the bie in of the ſame name. _ 
S» 


eh the compaſſes reſted, to the | 
place mhere\ the, the . ch aforeſaid Eaſt and Weſt Ing, meaſured. on the 


And Ter cam — obſerved that the meridian line and line of qo * — 4 
ian line, and Þ 


"of fatitude in a. Mercator's chart; the latter the equator-line, and the 


To prick of a_ſbip's place. Lay a ſcale acrofs the latitude the ſhip i is in, and if 
a black lead pencil line, then lay the ſcale acroſs the longitude and cut the i 


& too ſmall à fcale to determine diſtance accurately; but the 


. 
2 


a8 S . 


— 


WW 8 
8 


= 


| ing to the Eaſtward, the longitude decreaſes ; 3 ſubtraQt, the remainder ts the 10 


> S. 4 N 
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2. But in Eaſt longitude, ſailing to the Weſtward, and in Weſt longitude, 4 


gitude in of the ſame name. 4 
Note, If by the firſt rule, the ſum be more than 180 degrees, ſubtradt i it cha Y 
60, the remainder is the longitude in of a contrary name, r 
If in the ſecond rule, the difference of longitude be greater than 6 1081 ds b 
ſailed from, ſubtract the latter from the former, the remainder” i is the ude | 
in of a contrary nature, f 
„ 1 


A ſhip from the Lizard fails Weſtward, "till her difference of e 
miles, required the longitude in ? 


Lizard - — 95 15 W. 

Diff. lon. 129m. er 
c — 

Lon. in 24 W. 


7 ; 
A ſhip from POIs 149 100 E. fails Weſtward 130 miles, required the 
longitude in ? Ship | 


— . — 14% 100 E. e 
Dif. lon. 130m. — — 2 160 Whs © 
—— Thong —ů——— 
Lon. in 186 6. 


A ſhip from Manilla ſails Eaſtward, till her difference of lied is 440 | 
miles, or 699 8/, required the longitude in? | 
Manilla - - - - -\ 120 5p. 

Diff. lon. = < +» - \- 69 8 E. 


— — — 1 | 
TD 190 1 | — 
Subtract from * DM 5 O 4 : * 


Lon. inn | 
A ſhip in long. 1 297 W. ſails Eaftward, ill — WE. of ee | 
120 miles, required the longitude in? | Is 


Di ton. 720m. =», - - = 28 | of Re. #7 
Ship - — — — - - * 1 _ I 29 W. i 
Lon. in «3 2 0 31 E. 


92. Rules for the Hike of Places and Courſes. 


If a ſhip hath increaſed her latitude ſhe hath ſaiſed to the Northward or South- 
ward, reſpectively, to the latitude ſhe is in, but the contrary, if the hath decreaſed 
her latitude, or changed it. | 

Fe a hath increaſed her longitude, or changed it when greateſt; ſhe hack 

ard or Weſtward, reſpectively, to the longitude ſhe was in j bug, the 

ee, ache ſhe hath decreafed her longitude, or changed it when leaft. 
laces, both in North latitude, that which has the greater latitude lies te 
the No No | of the other. | 
Two places, boch in South latitude, that which has the greater Latitude — 
the Southward of the other. | 

Two places, in-latitades of different names, are to the | Northard and South 
_ of ck on ER to the _ 2 are on 

wo places, in Eaſt longitude, which greateſt longitudg hes 
to _ Eaftward of the other 


, both Wk lngindes tha which has the greateſt — 


"to the Welbratd of the other. 
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If che ſum of the longitudes of two places (one in the Eaſt, the other in the We 
b longitude) be leſs than 180 degrees, they are to the Eaſtward and Weſtward « 
| WE er, reſpectively to the longitudes they are in; but if the ſum be more 
180 degrees, the contrary. 


* 


Places that have the ſame latitude are directly Eaſt and Weſt from each other. 
Places that have the ſame longitude, are directly North and South of each other 


Problems of Sailing y Mr. Wright's Chart, commonly called 
| Mercator's Sailing. 


I N the working of theſe problems, a table of meridional parts is neceſſary; 
; which is placed among the tables at the end of this work. 


93. To find the Meridional Difference of Latitude, or the Difference 
of Latituge in Meridional Parts. 


„The Rules for meridional, are, exactly the ſame as for the proper difference 

ol latitude, that is, both latitudes North, or both South, take the difference; 1. 
but one North, the other South, the ſum of the meridional parts, anſwers to the 2. 
meridional! difference of latitude, &c. as (62.) 3. 
4 


n The following latitudes and longitudes being for example only, their exactneſt 
* is not particularly attended to. 


ES Example I. Iſland Barbadoes and St. Thomas, an Ifland on the Coaſt of Africa: 
What is the Meridional Difference of Latitude? 


»/ 


| | | Minutes 
= Barbadoes 12d, 58m. N. 8 
| 3 — 2 St. Thomas } Lat, | { od. 1 Mer. Pts. na 


Meridional difference of latitude - - - - < < < < — =- 85 
Example II. The Lizard and Ifland Barbadoes: What is their Meridional 
Difference of Latitude? ES 
1 * X 8 0 : Minutes 
22 . 49d. 57m. 1 3470 
Ifland Barbadoes © Latitude | 12d. 58m. IN. Merid. Parts ſ 785 


— — 


Subtract, gives the meridional difference of latitude - - © - - - 2685 
Example. 3. Ifland Barbadoes and Iſland St. Helena; What is their meri- 
dional difference of latitude? . _ 5 
| | Min. 
1 Barbadoes zd. 58m. N. ! : 78 
8 Iſland ſ St. Helena | 177 { 16d. om. 8. Merid. parts Ag: 0 


— — 


„Ad, gives the meridional difference of latitude 17 58 


| A 
gg. The Latitude and Longitude of two Places given; to. 
_—_ -- _ the Courſe and Diſtance. l 5 * . 


_— ? 


xample. What is the courſe and diftance from the Lizard to the ind T 
Barbadoes, 1 1 | WY. | 
| Lizar 49. 57N. 347 "ew . 
I. Barb. | Lat. 12. N.) Mer. Pro. #72 Long. „ cow. 
pig. of at. 36. 59 Mer. Diff. Lat. 2685 Di. Long. 53/36 = 
| This rectangle triangle ABC is made by (28) after this manner; We 
. From A repreſenting the place failed from, lay the meridional difference of 


Elatitude to B 


z. Draw 
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2. Draw B C perpendicular to AB, and thereon lay the difference of longitude, 
hich is 32 16 mules, from B to C. | | | 
| 3. From Ato C (repreſenting the place the 
ip is bound to) draw a line, which concludes 
ke triangle ABC, right-angled at B, whoſe 
gle BAC meaſured on the ſcale of chords or 
mbs, ſhews the courſe or bearing of the two 
aces. 4 

4. Take the proper difference of latitude, 
219 miles, and lay it on the meridian, from 
to D, and draw a line DE, parallel to BC, to 
t AC in E, and it is done: for if AE be mea- & 
red on the ſame ſcale AD was taken from, it } p 
eweth the diſtance between the two places. 3 
But to reſolve it by Trigonometry, there are two rectangle triangles ABC, and 
DE; in the former you muſt note, | | 
1. The leg AB, is the meridional difference of latitude, 
2. The leg BC is the difference of longitude, 
3. The angle BAC, is the courſe or bearing. 
4. The angle ACB, is the complement of the courſe. 


Secondly, In the Rectangle Friangle ADE. 


. The leg AD, is the proper difference of latitude. 
The hypothenuſe AE, is the diftance of the two places. 
. The leg DE, is the departure from the meridian. 
The angle DAE, is the courie, or bearing. 
. The angle AED, is the complement of the courſe, 
Note, The courſe is the fame in both triangles, | 
Theſe things being offers the proportions are as follow : 
1. For the courſe, the proportion by (30) is this; 
erid. Diff. Lat. «+ Diff. Long. + : Radius. T. of the courſe. 
2685 Minutes «- 3216 Min. : : T. 45d. -- T. 50d. gm. | 
As mer. difference of latitude 2685 - -- - 3.428944 
Is to'radius - - - - - - - - - - += 10,000000 
So is difference of longitude 3216 - - - - - 3,507316 
To tangent courſe 50? f - - - - - <, - 10,078372 
ich bow turned into points of the compaſs, makes the courſe to be SW. half 
, near 2.) | | 
2. To fd the diſtance, the proportion by (37.) is this: 
C. s. Courſe -- Diff. Lat. : : Radius -- Diſtance required. 
8. 3od. 51m. -+ 2219 min.: : S. god. «+ 3463 minutes. 2 
As co-fine courſe, 399 51 - - - - - - - - - 9, 805709 
| Is to prop. diff. lat. 2219 « - - - - - - - - - 3,346157 
ud So 1s radius » = = = - - - = - - - 10, 000000 


LNG 5-5. a 
- Both Latitude and Courſe given; to find the Diſlauce and Dif- 
ference of Longitude, Ne 


8 xample. A ſhip ſails from the Lizard, and makes her courſe (when variation, * 
way, Kc. are allowed for) to be S. 39d. W. or SW, by S. 4 W. we by 


On >» 0D ww 


ri. 


4 
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© obſervation, is in latitade 45d. zum. N. I demand the diſtance run, and the 
E longitude the is in? wo ; 5 | 
7 £ | 21 \ d. m. ? | 4 
1 1 Latitude 12 57 N. J Meridional Pars 7 
Difference of latitude 4 26 or 266m. Mer. Diff. Lat. — 396 
Ip delineate this, or any of the ſeven next problems, by the plane ſcale, a Þ 
alſo their reſolutions by plane trigonometry, the directions and notes in the fore. L 
faut problem may be ſufficient Inſtructions, and therefore they are omitted till Bu 


»” 1 
44 


a a ee 


4102.) 
I. To find the diſtance, the n is by (67) plane failing. 
e.: Courſe . Diff. Lat.: : Radius «- Diftance 
c. s. 39d. om. 265 Min. :: S. god. . 342,3 Minutes. 
2. To find the difference of longitude, the proportion is thus, 
Radius «+ T. Courſe : : Merid Diff. Lat. Diff. of Long. 
IT. 45d... T. 39d. : : 396 Minutes . 320,7 Min. or 5d. 21m. 
' Then to find the longitude the ſhip is in, it is thus, (91) 
a 5 — failed from - - 5d. 14m. Weſt. 
Difference of Longitude 321 minutes, or - 5d. 21m. Weft. 


= 
R 


© Longitudethe ſhipiain - - - cd. 35m. Weſ | 
96. Both Latitudes and Diſtance given; to find the Courſe, and 
1 Difference of Longitude. 2 


Example. If a ſhip runneth 300 minutes North Weſtward, from a port in lat. 
37d. N. and longitude 10d. 25m. W. until ſhe be in latitude 41 degrees North: 
11 — courſe ſteered, and what longitude ſhe is in ? 
3 Sai om : 7d. No 2393 
Ship is in } Latitude 1 = North | Merid. Parts | _ 
Difference of Latitude - 4 or 240m. N. Merid. Diff. Lat. 309 
1. To find the courſe, the proportion by (69) of plane ſailing is thus; 
. Diſtance -- Radius:: Diff. Lat. c. s. Courſe 
; 300 Min.. S. god.: : 240 Min. . c. s. 36d. 52m. 
Or North Weſtefly 31 points, which makes the courſe to be NW. by N. 4 Wel, 
neareſt. 5 
2. To ſlad che difference of longitude, the proportion is thus; 
Radius. Merid. Diff. Lat.: : T. Courſe .. Difference Long. 
T. 45d... 309 Minutes: : T. 36d. 52m. . 232 Min. &c. 
L->1itude failed from - - - - - - - 10d. 25m. Weſt. 
1 iffererce of longitude is 232 minutes, or zd. 52m. Weſt. 
: : 


| Longitude the ſhip is in (91) - 14d. im. Weſt. | 
97. Beth Latitude and Departure from the Meridian given; to fil 


 *+ "tbe Courſe, Diſtance, and Difference of Longitude. a 
Exiinple.. A ſhip in latitade 49d. 57m. North, and longitude 2 Welt 
y 


1 \ 


fails South Wettward, till her departure is 789 minutes, and by obſervation is in 
latitude 39d. zam North: I demand the courſe ſteered, diſtance ſailed by che lop 
and what longitude the Ship is in? FOO 
1. The courſe will be foynd4a be 51d. gm. and the diſtance 1014 minutes by I 
+ (74) therefore omitted here. | . 
| 225 f atitu 


ſt, 
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Latitude ny + 49d. 57m. N. Jr 8 4 0 1 {5476 val 


in 39d. zom. N. 2571)”. 1 8 © 1 


* 


PDetference of Lat. 10d. 37m. Mer. Diff. Lat. 899 Min. Then to find 
the Differenee · of Longitude ſay; L brite? Ae | 
As Radius . Mer. Diff. Lat.: : T. Courſe · Diff. Lon. Na 
T. 45 + 899 Minutes: : T. 51d. m. 1114 Min. or 18d. 34m. = 


5 Longitude failed from - - «- - - - - - - - - 5d. 148 ſt. 
Differenoe of longitude 1114m. or: 18d. 34m. Wet. 


4 


3. Then to find the longitude the ſhip is in, it is thus (91) + 3 
d. 14m. Weſt. 


"Longitude the ſip is in 23d. 48m; Wei 


98. One Latitude, Courſe, and Diſtance given; to find the Difference F 1 


of Latitude, and Difference of Longitude. 


Example. A ſhip in latitude 42d. zom. North, and longitude 18d. 3 1m. W. Ws | | 
fails SE. by S. 591 minutes, or 197 leagues: I demand the latitude and longitude = 


the lip is in? 


1. For the difference of latitude, the proportion (66) is thus: 


As Radius... Diſtance : : c. s. Courſe . Difference of latitude. 
As S. 8 points . 591 Min.: : S. 5 Pts. . 491.4 Min. or 8d. 11m. 
Latitude ſailed from - 432d. 30m. N. meridional parts 28 22am. 


Diff. lat. 491 min. or = - 8d. 11m. 8. 


9 * 


Latitude the ſhip is in- 34d. 19m. N. merid. parts 2195m. _ 


— ä — 


Subtract, (63) giveth the meridional difference of latitude 625m. 


2. To find the difference of longitude, the proportion is, 


As radius . Merid. diff. lat.: : T. courſe + Diff. lon. 
As T. 4 points -- 627 minutes : T. 3 points . 419m. or 6d. 59m, 


Longitude failed from - - - - - - 18d. 31m. Weſt. 
if. long. 419 minutes, or- - - - - 6d. 59m. Eaſt.” 


Longitude the ſhip is in (91.) - - - - 121d. 32m. Weſt. | 


59. One Latitude, Courſe and Departure given, to find the Diſtance 


Example. A ſhip fails ESE. from a certain port, in latitude pod. rom, Squths 2 3 


Difference of Latitude, and Difference of Longitude. | 


and longitude 10d. 16m. Eaſt, until the departure from the meridian be 957 
minutes: I demand her diſtance ſailed, the latitude and longitude ſhe is in.2 
The diſtance 1035 min. and proper diff. lat. 396.4 min. is found by (68.) 
Then the latitude the ſhip is in, and the meridional difference of latitude, is 
found thus; by (63.) [Ez MIC 
Latitude ſailed from cod. tom. South, merid. parts „ie 5 0 2490 
Diff. lat. 396m. or 6d. 36m. 8. „ eee 


— — — 


Latizuds ſhip i, in - 56d. 46m. S. meridional parts « - 49 


Subtraſt, giveth the meridional difference of latitude + .-| + 97 


” 
—— 


+ 4 


— | 


/ 


— 
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To find the Difference of Longitude, the Proportion is; 


| 9 As diff. lat. Denn! * diff. lat. Diff. of long. 1 
| As 396.4 min. 2g min. -- 1610m. or 26d. 5 om. 27d 
ar Then to pri er it is thus: 10 
Longitude failed from - - - - - - - 10d. 16m. Eaſt. | 
Difference of longitude 1610 min. oo - 26d. 50m. Eaft. 
ALT Gran F 
| longitude the ſhip is in (91. ) — - - - - 37d. 6m. Eaſt, Ney 
100. One Latitude, Diſtance ſailed, and Departure ſrom the 4 
Meridian given, to find the Courſe, Difference of Latitude, and 
| _—_ of Longitude. I ab 
| N A ſhip in latitude 49d. 3om. North, and longitude 14d. 40m, en 
| wet, s South Eaſtward 645 minutes, until the departure from the meridian WM 
goo minutes : I demand the cour ſteered, the latitude the ſhip is in? 

The courſe is S. pod. 50m. E. or SE. 2 E. and the difference 5 407m. - 
6d. 47m. by {70.) zo d 
Then the latitude the ſhip is in, and the meridional difference of latitude is WM. ** 

found thus; | ine 

Min. 3. 

Latitude failed from - 49d. 30m. N. merid. parts 3428 el 

Diff. lat. 407 min. or - - 6d. 47m. S. he d 

— | 4+ 

Latitude Go Tap! is in 42d. 43m. N. merid. parts 2840 * 
"I 1 5 
Meridional difference of latitude 588 qui 

3. To find the difference of longitude, the proportion is; 1. 

As diff. lat, .. Depart. : : Merid. diff. lat.. Diff. of long. * 

As 40 min. 2 min: 5 4 Min. .. 722.4 Min. or 12d. zm. bs © 

As 407m. + 8 -« 12d. 2m. the diff, long. It 

Then, to fin the TE: the ſhip is in, it is thus ; flo 
Longitude r og en 14d. 40m. Weft. As 
Difference of loagitude 722.4 minutes, or- 12d. 2m. Eaft. mp 

— une. 

Longitude the ſhip is in (91) 2d. 38m. Weſt. Ne 

co 

101. One Latitude, Courſe, and Diſterence of Longitude given, Ta 
to find the Diſtance, and Difference of Latitude. <a 

Example. A = fails SW. by W. from the Lizard, until ſhe be 1 1 itu 

57d. — W. emand the latitude the ſhip is in, and her diſtance falle. ? 5 * 
' 4 ſailed from - - - = - ER. 5d, m. Weſt. 

Longitude the ſhip is inn 574. 26m. Weſt. Ex 
at 
| SubtraQ, and the remainder is the diff. long. pry 12m. Weſt. Th 

or E 4 © yawn bs * 

For the meridional difference of latitude, the rtion may be th 
ge th T. courſe . Radius: : Differ. long. Mer. diff. 0 f hat. 7 TY oh ] 
As T. 5 pts. T. 4 pts. : : 3132 Minutes 2093 Minutes. i 
Lat. failed from 49d. 57m. its merid. parts 3470 ſubtracted from the above. 
| giveth the meridian parts for the lat. the ſhip is in 1377 which ſeek in the table 4 
Ein Nad. Parts; 9 22m, the latitude the ſlip 4 
e 


v in N 
| Then 


4 
3 * 
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= Then having both latitudes known, the difference of latitude is found to be 
W274. 35m. or 1655 minutes, or 551.5 leagues ; and the diſtance is found by (67.) 
102, Two Places in one Parallel of Latitude, their Difference of 
_ Longitude given, to find their Diftance. | 
= Example. I demand the diſtance between the Lizard and P 
| a 3 | A 
engwin-Iſlan -. 5% 52d. om. Weſt, 
Lizard | } Longir. bs, ? 5d. ere, Weſt. 


engwin-Iſland on 


ubtract, and remainder is diff. r 47d. 36m. Weſt. or 2856 Minutes. 


Theſe places are both (ſuppoſed to lie) in latitude 50d. om. North, whoſe 
omplement is 40d. om. | , 


To delineate this Problem by the Plane Scale, 


1. Draw a dotted arc as BC, with the fine of 
do degrees, one foot being on the center A. 102. A 
= 2. Lay the difference of longitude in a chord 
ine from B to C, draw AB and AC. 
3. Take the complement of the latitude from 
Doe line of fines, and with one foot on A, draw 
ie dotted arc DE. 
4. Draw a line from D to E, and it is done; 
pr the chord DE being meaſured on the ſame 
ale = was taken from, will ſhew the diſtance 
quired, 
To find their diſtance, the mu rtion is, 
s Radius . c. s. Lat.: : Diff. Long. -- Diſt. | 8 
Is S. god. -- S. 4od. om. : : 2856m. . 1836m. oP 
It is by this rule that the quantity of a degree © | 
f longitude 1s found in any latitude, for (7 
As radius is to 60 minutes, ſo 1s the fine of the . 
pmplement of the latitude to the minutes con- | 
ined in a degree, in that latitude. 
Note; By this rule, longitude may be converted into departure if the places 
courſes do not lie due Eaſt and Weſt. | | 
Take the mean latitude, (that is, add the latitudes together and take half the 
m) then as radius is to the difference of longitude in miles, ſo is the fine of the 
dmplement of the mean latitude to the departure nearly. WE $et, 


03, Two Places in one Latitude, their Diſtance given, to find their 
Difference of Longitude. | 
Example, If a ſhip ſails Weſt till her departure is 390 min. from the Lizard ; 
at longitude is ſhe in ? | 6-7-9 
The proportion for the difference of longitude, is * 
As c. s. latitude . Radius : : Diſtance -- Difference of Long. 
As 8. 28 8. god. : : 390 min.. 606, 1 or 10d. m. 
: | 


— 
* 


Longitude of the Lizard - - - - - - +' - 5d. 14m. Weſt. 
| Diff. of Longitude 606,7 minutes, or - - =. - 10d. 6m. Weſt, 
- Add, gives the longitude the ſhip is in - - < « 154. 20m. Weſt. 


ote, By this rule departure is converted into longitude (very nearly} if 4 
be not due Eaſt or Wet. * ; * (very N 
Uke the mean latitude, then as the fine of the complement of the mean latitude 
o the departure, ſo is radius ao 4 of longitude. 
| | 18 To | 


66 SAILING by MIDDLE LATITUDE. 
104. One Latitnde, Diſtance and Difference of Longitude given, u 
*Þ | find the Courſe nearly. | 

. RK VU - L E 

As the diſtance is to the ſine of the complement of the latitude, ſo is the dif. ® 
ference of longitude in miles, to the fine of the courſe. | | 9 
Example. Suppoſe a ſhip fails 272 miles Northwards from the latitude of 
460 200 N. *till her difference of longitude is 4 degrees, or 240 minutes, required 
her courſe ? I 
As * S. 43d. 4om.: : 240m. . S. 37d. 32m. the courſe nearly, which 

zm. B 
This caſe is taken from the Nautical Almanac, where it is reſolved by approxi- 

mation (as above) and corrections, but, when neither the difference of longitude, i 
nor diſtance exceed 8 degrees, nor the courſe 70 degrees, the courſe will be found 
* 3 or 4 degrees, which may ſometimes be of uſe, as the ſolution is ver) 


7 
Sailing by the Middle Latitude. 


1 2 this method of ſailing, which nearly agrees with Mercator's, I ſhall inſen Di. 
the two moſt uſeful problems, becauſe a table of meridional parts is no: . Th 
neceſſary in working by it. | | der 
105. The Latitude and Longitude of two Places given, to find ther . 
| Courje and Diſtance. = - 
Example. What is the courſe and diſtance from the Lizard to the Iſland WF dit 
Barbadoes ? : 4 
Find the difference of latitude, and longitude of the two places, as in (94); ſo it 

alſo add the two latitudes together, and take half the ſum; it will be the middle 

latitude ; this, ſubtracted from 900, is the complement of the middle latitude. 
The caſe may be delineated as follows : | 25, 
To delineate this problem by the Plane - Scale. ( 
1. Make AD upon the meridian equal 7 

to the difference of latitude. 
2. Draw the dotted arc IK, with the J 
fine of go degrees (one foot being on A 4 
to cut the meridian AD in I. Que 
3. With the fine complement of the 

middle latitude, and one foot on A, draw capt 
the dotted arc GH, to cut the meridian grea 
in G. | £ 
4. On the laſt arc lay half the dif- of W © d 
S. By A and H, draw a line, to cut Q 
che firſt arc in K. A 
6. Lay IK twice on the meridian, from A to B. bold 


BtoC. | | 
8. Draw a line from A to C; and from D, draw DE parallel to BC, and u tes 
cut AC in E, and it is done. | | 
Then is the leg AD the difference of latitude, 
The leg BC the difference of longitude. 
The hypothenuſe AE the diſtance of the two places. + 
The leg DE the departure, according to the plane-chart. 
The angle DAE, or BAC, the angls of the courſe or bearing. 


/ 
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The angle AED the complement of the courſe. 
1. To find the courſe or bearing, the — is; | 
As the difference of latitude is to the difference of longitude, ſo is the fine com- 
plement of the middle latitude to the tangent of the courſe, 51d. 2m. 

As the coſine of the courſe is to the difference of latitude, ſo is radius, to the 
diſtance 3528 mules. | | 
106. Both Latitudes and Courſe given, to find the Diſtance and 
Difference of Longitude. 
Example. Suppoſe a ſhip ſails from the Lizard, and makes (when the yariation, 


IE lee-way, &c. allowed for) her courſe South 39d. Weſt, or SW. by S. 3 W. and 


| then by obſervation is in latitude 45d. 31m. North, what is her diſtance run, and 
longitude ſhe is in? 


0 / 
= Lizard's 49d. m. N , 8 

: Obtevel] Lat 4534. 31m. N ð 8 * * 
Difference of latitude 4d. 26m. or 266m. Sum - - - - 9 28 
The half 479 44/ is the middle latitude, which ſubtracted from 90? o/ the remain · 
der 42 16/ is compl. of the middle latitude. | 
To delineate this, by the plane-ſcale, the inſtructions in the foregoing are ſuffi- 
cient to inform the diligent learner. | 

, As the coſine of the courſe, is to the difference of latitude, ſo is radius to the 

iſtance. | 


my As the fine complement of the middle latitude is to the tangent of the courſe, 
oss the difference of Jatitude to the difference of longitude. | 
dle 


The Subſtance of that Examination, which every Candidate for a 
Commiſſion in the Navy or Eaſt-India Service, muſt neceſſarily paſs, 
previous to his Appointment, reſpecting the Management of a Ship, 
from ber firſt coming out of Dock to her clearing the Land, with 
Direction for working a Ship in all difficult Caſes at Sea, 
geſtion. (IR, you appear here to be examined in your abilities, neceſſary 

ay 8 to qualify you for being appointed an allies in the ſhip. 

captain 5 now bound to wn in- 1 

great charge. What do you look upon to be your duty in that capacity? 
Anſwer. When J have received my captain's command, I am then not only 

to direct, but likewiſe to inſpect into every thing relative to ſuch orders, and ſee 
it properly executed accordingly. Tr en 
Q. When your ſhip is out of dock, what is firſt to be done? : 
A. After the proper officers have examined the limbers, I would level the 
bold, by laying the kentledge from the fore-part of the fore-hatchway to the aſter- 
fron part of the after-hatchway. | coll | 

4 | * 2 taking in bales, how high would you dannage, and what part of 
10 mo 8 

| A. I would fix inches, and moſtly about the well and main-hatchway, thy | 

wo ins and floor timbers. outs 4 

| Q. Suppoſe you have one and a half foot water in hold, and ſhip © 

heels four — down; what dunnage ought you to — preſerve — : 


A. Three feet. 
= PQ. How would you moor your ſhip at Graveſend ? 
Thi | : ; Y IE 5 E 2 IE | A. 1 


* 
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3 _ to with m _ bower, veer the ſervice into the hawſe, and ; 
en hang my beſt bower in the long-boat, and with the tide drop her a- e 
and, when the cable is taught, let go the anchor. | 2 x ; 


lo, 


ri 
Q. You have been in the Downs: how do you moor there ? 80 
A. With my beſt bower to the S. W. upper Deal Mill and Deal Caftle in one, he. 
with the South-Foreland 8. W. by S. in 8 fathoms; I would veer away with che =_ 
laſt quarter flood, and moor with the ſame bower to the N. E. | —_ - 
Q Whereis the belt anchoring in the Downs ? ene 
A. Bring upper Deal Church in one with Deal Caftle, and anchor in 8 or g == 
fathoms water. Pert 6 | | al 
What are the marks for anchoring in the Downs, Deal Caſtle bearing Wet? 1 
A. The South Foreland S. by W. or 8. S. W. and Sandown Cattle N. W. ki 
. How would you unmoor in the Downs with the wind at North ? 5 3 
A. I would ſplice my ſtream- cable to my ſmall-bower, and veer away at kali 
ebb, that I might have time to tow my beſt bower, and ſhorten in my ſmall i 
bower»cable before the ſhip tends to the windward ; but as ſoon as the tide flacks, 1 


fi was afraid to truſt my fiream-cable, I would veer on my beſt, and take up dbſ 
i my ſmall bower. N 18 fi 
Q Suppoſe-the' wind Northerly, you were in a ſhip's hawſe in the Downs ? Dr 


A. I would wait till the ſhip tended to windward, and heave-to my anchor as 
the tended to it. N 
Q. How would yon work the ſhip out of the Downs with the wind Southerly ? 
A. I would come no nearer the Goodwin than 13 fathoms water, nor to the 
main than 8 or 8+ fathoms ; when I come near the Foreland, into no leſs than 10 


EY - 


. * ( 
r 
1 


4 — there is a ſhoal off Weſt Caitle, 14 fect at low water, bearing E. about Ig 
2 miles. | | | | 
Q. If it blows hard in the Downs at S. W. and you part your cables, what 4 
would you do? | 2 fire 
A. I would ſtand out to the Good ins till I brought the South Foreland lights | of u 
to 8. W. by 8. then, keeping in 9 fathoms water, ſtcer N. N. E. till the North ſton 
Foreland light bore W. N. W. when I might ſafely haw! round for Margate Roads. GY 
Q. How do the Forelands bear of each other ? =_ 
© A. Neareft North and South. sf 
Q. How does the tide flow in the Downs ? | flow 
AT By the ſhore S.S.E. and in the Offing S. W. by 8. oecd 
What are the marks of the Goodwin, by which you are to know when you 5 
A. The Goodwin Sands are two large ſands, called the North and South Sands. K 
Wen upper Deal-Mill and Warner Caſtle are in one, then I am a- breaſt the ' N 
South ſand- head; and when the North -Foreland bears N. W. by W. I am a-breaf Eat 
the North Sand-head. | pe” 0 
Q. Suppoſe you were riding at anchor in the Downs, and an expreſs order came 2 
r youth g the Westward with the wind at S. W. ar S. S. W. at what time of the A 
tide mould you unmoor?]?WZ¶ 1 tai n 
A. I would unmoor at half- flood, to be in readineſs to weigh at high- water, PM 1 . 
and caſt her ih ſhore, (the tide being ſooner done in ſhore) it room; if not, I pe 
would tack and ftand off in 10 or 11 fathom water, then ftand in to the ſhore in N 
-fathoms, and lay my top-ſails back till my anchors were ſtowed. | 
Is there any danger in going out off the Downs ? In what water would you . 


in more, and what water towards the Good wins? 
. Yes; between Deal and Warner Caſtle there are ſome ſhoals, at ſpring- Web 
tides, with not above fixteen or ſeventeen feet at low-water. I would come 19 Q. 
nearer the ſhore than 6 fathoms ; and no nearer. the Goodwin-ſands than ten ct * 
Dleven fathoms ; in ſome places the nearer I go to the ſands I ſhould have the 4 


wind came to 
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5 leeper water; but then there would ſoon be fo little water, that I ſhonld be a- 

round before I could perceive it ſhoal, I would, therefore, ſtand towards the 

Pouth Foreland in 9 fathoms, and to the South Sand-head in 7 fathoms, there 
being gradual ſoundings. | 


„What are the marks for running through the Gull Stream? 


K To keep the light-houſe on the South Foreland in one with the Weſtermoſt 
end of the Southermoſt Cliff in Old Stains Bay. | 


N. B. Stains Bay is a ſwamp that lies between two Clifts, which lies a large 


5 half-mile to the Southward of CI upon the South Foreland. + 


Q. What are the marks of the dangers going out of the Dowas ? ' 
A. Upper Deal Mill in one with the corner of Warner Caftle, will lead me 
lear off. Upon Deal Church being open with the ſaid Caſtle about a ſhip's 


3 length, I muſt ſtand out ſo cull I bring the light-houſe in one with the Caſtle, and 
inen I ſhall be a-breaſt of the South fand-head ; and, when the Light-houſe opens 
to the Weſtward of Folkſtone Church with Hay Clifts, it leads me clear. I muſt 
Eobſcrve not to ſhut in the Hope-land E. by N. and the South ſand-head will lie off 
a full league. | 8 


Py 


Q. Suppoſe you were coming into the Downs, with the wind at Weſt blowing | 


hard, which way would you lay your ſhip's head? 


A. I would come to with my beſt bower, and lay my ſhip's head to the Eaſt. 


ward; but if with the ſmall bower, I would lay her head tothe Weſtward: 


For what reaſon would you do fo ? 
A. Becauſe I ſhould thereby keep my cable clear of the Cutwater. | 
Q. What is the courſe from the South Foreland to Dungeneſs, and what are 
the dangers? ' en 
A. From the South Foreland to Dungeneſs the courſe is S. W. by W. diſtanee 
five or ſix leagues: the dangers between them are the Ripraps, the ſhoaleſt part 


* of which lies from Dover S. 4 leagues; from Calais Clifts W. by S. from Folk- 


ſtone 8. E. and E. S E. 4 leagues: from Dungeneſs it lieth in length N. E. and 
S. W. diſtance about 4 leagues, both ends pointing to the Engliſh ſhore ; it is 
very narrow, and has on it but 15 feet at low water: I would come no nearer than 


7 20 fathoms. When the Neſs bears N. W. by N. I am to the Northward of it: It 


flows at the Ripraps N. E. and S. W. and the tide runs to the Eaftward till three 
o'clock full ws change, when it is half ebb by the gronnd. | | 
Q. How would you come to an anchor under Dungeneſs ? | | 
A. I would _ the Neſs Point to bear S. W. by S. or S.W. in 9 fathoms : 
in paſſing it I would come no nearer than 12 or 14 fathoms: I would anchor to 
the W. with the point E. or E. by S. in g or 10 fathoms. | a” 
N. B. It flows at the Neſs S. E. by S. and N. W. by N. the tide runs to the 


Eaſt ward till two o'clock full and change. | 
Q. What is the courſe from Dungeneſs to Beachy-Head, and what dangers are 
hg | 


A. From the Neſs to Beachy the courſe is W. S. W. diſtance 8 or g leagues ; 
there is a ſhoal between them called Pevenſey Sand, and has on it at low-water 
and ſpring not 12 feet; it lays about E. by S. from Beachy, and S. 4 W. from 
Pevenſey Caſtle, diſtance from the ſhore about 2 or 3 miles. AB. 

N. B. It flows off Beachy N. by W. and S. by E. e 

Q. Suppoſe 2 were off. Beachy Head, bound down the Channel, and the 
e South, what would you do? | e 


A. As the variation is in my favoar, I would trim all ſharp and ſtaud to the 
Weſtward, and I judge, if it did not overblow, I ſhould clear all: wi 

| Q. Being off Beachy Head, with a gale of wind at N. E. bound tö Spithead; 
and at the cloſe of the evening, What is beſt to be dane?” IO on 
A. I would lie- to with my * to the N. N. W. een 
ä K 3 wou 
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To 
would drive about a Channel courſe, two miles an hour, allowing what ſhe would 
- Joſe on the ebb, ſhe would gain on the flood, and be in the fair way in the morning; 
{ Fmuſt come no nearer the Owers than 18 or 19 fathoms. | E 
In failing from Beachy to the Iſle of Wight, what courſe would you fteer, Ni 
and what dangers are there ? —_— 
A. The courſe is W. by S. diſtance 16 or 17 leagues, The dangers between 
them are the Eaſt Borough-Head, which lies from Arundel S. 8. W. 7 mites, 9 
and the Owers which lie from Chicheſter church S. S. E. 4 leagues. The leading 
marks to carry you clear of the Owers are Dunnoſe Point W. or W. by N. and 
Culver Clifts N. W. by W. or W. N. W. When Chicheſter church bears 
N. by E. I am to the Northward of the Owers. 2 
Q What are neceſſary to be obſerved in ſailing into Spithead ? MF 
A. If I were bound into Spithead, after I am to the Weſtward of the Owers, I 
would ſteer N. W. by W. or W. N. W. and open Sandown Caſtle with the Culver 
Clifts, till I could fee St. Helen's church a fail's breadth or two, open with the 
Bed Clifts of Bembridge Point, and that will clear the Ledge ; then by ſteering 
N. W. for the Buoys, I ſhould ſee the Gilkickers, muſt keep them in one, and that 
will lead me between the Buoys of the Warners and of the Dean, and then on 
Portſdown I ſhall ſee a large chalk-pit, that and South Sea Caſtle in one, will lead 
me clear up to Spithead, — the Buoy of the Horſe and No- man's Land. 
Q. Inu turning into Spithead, what do you obſerve, and how do you come to an 
anchor there? 3 
A. There is a mark on the top of the Down on the Wight; by keeping that 
open above the trees, it will carry me clear up to Spithead ; and when the aid 
mark bears 8. W. or S. W. by S. I am a-breaſt of the Horſe; I muſt come no 
nearer to it than 7 fathoms, nor to No-man's Land than 12 or 13 fathoms. I 
would anchor at Spithead with the Kickcrs N. W. the Ride W. 6. W. and South. 
ſea Caſtle E. by N. or E. N. E. in 8, 9, or 10 fathoms. | 
Q_ How would you come to an anchor at St. Helen's ? ; ; 
| A. I would keep Sandown Caſtle juſt open with the Culver Clifts, till J ſhoullF 
bring St. Helen's church a ſail's breadth open of the Red Clifts of Bembridg:B 
Point, or Ledge (there are 6 or 7 fathoms water (and anchor with the church on 
the SW. by W. or W. S. W. in $ or 9 fathoms. 4 
Q. Suppoſe you were moored at Spithead, with a cable and a half on the bei 
r, and one on the ſmall bower, and you have orders to ſail, at what time off 
tide would you unmoor, and which anchor would you take up firſt ? 
A. I would begin to unmoor at the firſt of the flood, and take up my ſmal 
bower firſt. | = 
Q. In failing round the Wight, what are your obſervations ? | = 
A. To keep clear of Ride Middle, I would keep South-ſea Caftle a fail" 
breadth open of the Kickers, till I open We$ Cowes Caſtle, till I am two-thir&f 
over, then ſteer directly for Hurſt Caſtle; and when a-breaſt of it, borrow pretty 
near it, and then ſteer right for the Needles Point: great regard muſt be had to 
the tides, for the flood ſets on the Needles, and the ebb on the Shingles. 
N. B. It flows at St. Helen's 9 hours at the full and change, and when iti 
half water, you have a tide to work it with; there is a ſhoal, called the Wel 
Middle, about two miles Weſt by N. half N. from Ride Middle; it lies 8. E. 
and N. W. about a mile and a half in length, and has but 12 feet at low-water, 
when you are a-breaſt of the N. W. part of it, Calſhot Caſtle is N. N. W. hall 
W. South-ſea Caſtle will then carry you clear of it, if you keep it a ſail's breadt! 
to the Southward of the Gilkicker Point. The Brambles is a ſhoal that lies N. 
N. W. from the Weſt Middle, part of it is dry at low- water, If you fail to th! 
N. W. of the Weſt waar y 4 gy ſail between it and the Brambles, leaving ti 
Brambles on the, ſtarboard fide, When you come to the Weſt of Cowes Caft!, 
E | % yo 
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ou muſt give it a good birth, by reaſon of a 12 of rocks that lie off from it. - 
here is Warding's Rock that lies on the iſland fide, to keep clear of which, you 
muſt keep the vanes of the windmill, that is on the Iſle of Wight in ſight, and that 
ill carry you clear. When you come near the Needles, give them a good birth 
to avoid the Chalk Rock: You will have in the fair way 9 or 10 fathoms ; but 
hen you come to the Chalk Rock you will have but 4 fathoms. 

2. lf you are bound or forced into Portland, what precautions are neceſſary ? 
A I muſt take care of the ſhambles; they lie about E. by S. or E. S. E. 3 
miles from the Bill of Portland, and have but 14 or 15 feet on them at low - water. 
To go into the Road, I muſt keep Weymouth Caſtle open with the Eaſtermoſt 
part of Portland, or open with the Stone Pier, and run until I bring the Eaſter- 
moſt part of Portland S. by E. or S. S. E. in 8 or gffathoms ; keep Week Church 


„open, and that will carry you clear. It flows from the Road to the Bill E. S. E. 
„er 74 hours. The light-houſes bear from each other N. and S. the flood ſets right off 
the the Bill 9 hours. ; | 
nz RS Q. How would you anchor in Torbay ? : 
hat A. Bring the Bury-head to S. by E. or 8. S. E. and let go my anchor in 
ons or 9 fathoms water. „ | 
2) if Q. What is to be obſerved in failing into Plymouth Sound ? 

'8 A. If coming from the Weſtward, and am got round the Ram-head, I muſt 
an give Penlee Point a good birth, by reaſon of a ledge of rocks that lies off from it; 

TS then haul N. N. E. + E. For anchoring, the beſt mark is Mount Edgecumbe 

hat juſt open, the Withy Hedge right up and down, and St. Nicholas's Iſland N. W. 
aid the leading mark is Plymouth church open with the Weſt part of the citadel. The 


no dangers in going in are the Tinker, N. by W. one mile and a half; and about half 
I: mile Eaſt Southerly from it is the Shag Stone; there is a buoy on each of them. 
1th. The Shovel, with a buoy on it, lies Eaſt of Stadon Point. About half a mile Eaſt 
of this lie the Panther Rock and the Knap. I would leave them on the ſtarboard 
ide the Knap, Shag Stone, and New Stone, bears from the Bolt N. W. by W. 
ul N. B. Or to fail into the Sound you may bring the Old Church in a line with 
do: the White Patch on the Hoe. Sail in that direction till Edgecumbe Houſe appears 
1 on in fight, then ſteer over to the Eaſt fide, and anchor with Blockhouſe Point in a 


ne with Drake's Iſland. 
bei if Q What are the dangers failing into Falmouth Harbour, and the beſt way to 
je o avoid them? . 


A. The dangers are the Manacles and the Falmouth Rock. The Manacles 
mal lies S. and S. by W. from Falmouth Harbour, and the rock is known by a pole 
Wy ſtanding on it, and lies neareſt the Weſt ſhore. The beſt going in is on the Eaſt 
ide of the rock; it is a narrow, deep channel, which I may fail up by the lead, 
(ail' 2nd borrow to St. Mawe's fide to 5 or 6 fathoms water; the Eaft fide is the 
hird: WW fhoaleſt. The beſt anchoring is in Carrick Road, St. Mawe's Caſtle bearing 
m__ * Tas laying my Eaſtermoſt anchor in 18 fathoms, and my Weſtermoſt in 6 or 
ad to 7 tathoms. 
Q What are the dangers that lie off the Lizard and the Land's End? | 
it i A, Many. iſt. The Rundleſtone is a rock that lies almoſt to the South 


wel Exftward of the Land's End, diſtance about 4 miles; to avoid it, I muſt keep 
8. E. dhe tower of the church that ſtands on the Land's End open, and that will 


me clear of it; but if I keep ſo near the land as to hide the church, then I 

between the land and the rock ; and when I am a-breaſt of the Red Clifts that are 
by the water-ſide, then I am a-breaſt of the rock. zdly. The Vaule is a rock 
that lies about S. S. W. of the Land's End, diſtance 3 leagyes, and makes like - 
the bottom of a ſhip at half tide. There are 43 fathoms water cloſe to it on either 
hide. 3dly. The Gulph, or Wolf Rock, lies from the Lizard about Weſt, diſtance 
io leagues, and from the Land's End 1 Ig diſtance 4 leagues ; it is peaked, and 
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s above water at half tide; round about it is a clear ground. 4thly. Breſon 
ic s from the Land's End about N. or N. by W. diftance 5 leagues. 5thly. The 
Seven Stones are a row of rocks that come not above water, but the ſea alway; 
breaks over them: They lie from the Land's End W. 2 S. diſtance 7 leagues, and 
from St. Martin's Head, Scilly N. E diſtance 3 leagues. 9 
Q How does the Land's End appear when you firſt make it? 2 
A. It appears in hummocks, with a church on it, and may be ſeen in 54 ſathom; 
water 8 or ꝗ leagues off. | 3H 
Q. How do you know the Lizard when you firſt make it ? XX co! 
A. It is the Southermoſt land on the Coaſt, and may be ſeen 7 or 8 leagues 
off, in 42 fathoms water. | | | 1 
1 fo you were forced into Mount's Bay, where would be the ſafeſt anchoring 
und ? | b 
r Mount's Bay lies between the Lizard and the Land's End; on the Eaſt ſide 


tai 
of it is a high iſland, and on the Weſt a caſtle, called St. Michael's Mount. From 8 the 
the Eaftward of the Bay lies a ledge of rocks near a league into the ſea ; the coaſt toi 
is full of rocks, and not ſafe to anchor in. To fail into this place I muſt bring St. ¶ wi 
Paul's ſteeple W. N. W. keep over to the Weſt ſhore, and make St. Clements an 
Iſtand, which is before the town of Mouſcholes, having the caſtle on the ſtarboard If 
fide : I ſhall then ſee a large ſandy bay, and, when within the iſland, there i; m- 
—_ anchoring in 7 or 8 fathoms water, land-locked from all winds but a . ar 
). E. wind. | | == for 
QQ. What are the dangers going into Scilly, and the beſt marks to avoid them? fic 
A. St. Mary's Sound is the beſt way into Scilly. St. Mary's Iſland lies on he we 
S. E. fide, and hath a garriſon thereon, and a windmill a-breaſt of it. The a- 
dangers are iſt, the Spaniſh Lodge, which I muſt leave on the larboard fide, near an 
Smith's Iſland; it ſhews itſelf in bad weather; and the next is Norman's rock, 3 
on the ſtarboard fide, above a cable's length from the firſt. From St. Mary's 
Iſland, a little without the Eaſtermoſt point, the mark to lead me is to keep the fo 
vanes of the windmill upon a line with the two rocks that lie on the Weſt fide, ſo m. 
that I may go between them into the Fair-way. m 
Directions for working a Ship in all difficult Caſes that probably moy >» 


happen at Sea. : / 
Q. Suppoſe your ſnip is lying at Spithcad, and the wind at NE. at what time 
of the tide would you unmoor? I 
A. As ſoon as ſhe tends to the ebb I wauld wear away upon my ſmall bower, 
and take ap my beſt bower. 3 
QQ. How do you unmeor ? | | 
A. I would turn all hauds up, ſee all clear below, rig the davit, overhaul the 
cat and fiſh, thi» the bars and pins; then ſend ſome hands down to the cable, clay | 
the ſtoppers en the beſt bower before I unbit it; then rouce down the ſack, bring 
to the vial, and heave taught; then clap the toppers on the ſmall bower before | 
the bits, and unbit. If there is a freſh breeze, I'll wear with it bited ; then heave 
on the beſt bower till it is above the ſurface of the water, then pall ; out bars, 
- hook the cat, haul it taught, and ſurge the vial, then ſtrike out the cable below, 
elay the cat, paſs the ſtoppers, and haul the fiſh by hand; then hook and bouce 
to the ſtock, belay the fiſh, haul in the buoy and rope, and paſs my ſhank painters; 
then flack the cat and fiſh, unhook the anchor, and ſee all clear for letting it go 
ain. I would likewiſe bit the beſt bower with a range, rig the davit out on the 
pther ſide for the ſmall bower, ſhift the yial, and proceed as before. If it does not 
low hard, I would looſe the top-ſails, and when the anchor's a-peak, or when 
think myſelf near enough without tripping it, I would haul home my top-ſail ſheets 
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How do you caſt a ſlup ? 1 ; 1 
A If I am to caſt the ſhip to ſtarboard, would haul my larhoard braces forward, 
and let my after-yards lie ſquare : I may hoiſt the fore-top-malt-ftay-ſail, and Keep 


. che ſheet to windward to help her. It I am to caſt her to port, I would haul in 


the contrary braces; when caſt, full the head-ſails, and brace up as circumitances 
require. 


N. B. If the ſhip is wind. rode, as ſoon as the anchor is right up and down, put 
the helm the way you would have her caſt, ſetting in the ſame braces abait, and the 


X& contrary forward; but if ſhe is tide- rode, put your helm the contrary way to which 
= you would have her caſt, and ſet in your braces forward. Which ever way your 


helm is, your braces abaft muſt be the contrary. | | 
Q. How would you rack a ſhip with all her fails ſet ? | mY 
A. I would hand down the lee-bow-lines, ſtretch along the weather-braces, haul 


I | taught the weather ſheet and lee-tacks ; then put the helm to lee, let go the fore- 


ſheet and fore-top-bow-line, jibb, and ſtay- ſail- ſneets: When the fore-top-fail 
touches, brace-to, and help her. When aback, brace and help her. When the 
wind is out of the after fails, raiſe the tacks and ſheets, ſhift the ſtay- ſail tacks, 
and haul over the ſtay-ſail ſheets. When the wind is a-head, haul the main-fail. 
If ſhe has ſtern-way, ſhift the helm, ſquare the ſprit-fail yard, haul on board the 


| main tack, and aft the maijn-ſheet ; brace up the — ons ; when the after-ſails 


are full, let go and haul : Haul on board the fore-tack, keep in the weather-braces 
forward, and let her come to; then brace-up, haul aft the fore-ſheet, j;bb, and 
ſtecring -ſails, ſet the back-ftays up, and haul the bow-lines , then haul taught the 
weather-braces, lee-tacks, and weather-ſheet. Note, ſhould the wind take me 


| a-head, I may haul the after - ſails about, ſhift the mizen-ſheet and ſtay-ſail tacks, 


and then work the ihip the ſame way as in tacking. | 
Q. How would you tack a ſhip under her three top-ſails ? | 
A. I would put the helm a-lee, keep faſt the fore-top-bow-line ; when the 
fore-top-ſail touches, brace-to and help her; when the wind is a-head, haul the 
main-top-ſail, and ſhift the helm; then brace up the main- yard, and haul the 
main-top bow-line. When the after-ſails are full, let go and haul; keep in the 
weather-braces forward, and when ſhe comes to, brace up and haul the main-top- 


bow-line and weather-braces. 


Q. How would you wear a ſhip with all her fails ſet ? ; 8 
A. I would haul the mizen up, and the mizen-ſtay-ſails down, hard a weather 
the helm, ſhiver the mizen-top-ſail, let go the main, and main-top-bow-lines, eaſe 


off the main-ſheet, the lee-main-brace, and round in the weather-braces. When 


the wind is abaft the beam, eaſe the main-tack ; when the wind is aft, ſquare the 
head-ſails, and get the tacks on board; get aft the ſheets, ſhift the jibb and ſtay- 
ſail-ſheets over the ſtays, and as ſhe comes to haul the mizen out, and haul aft the 
mizen-ſtay-ſail ſheet, brace the head-yards up, haul the bow-lines, and trim all 
ſharp. If a freſh wind, it is proper to ſhorten fail ; in top-gallant-ſails, down 
jibb and fteering-ſails, take two reefs in the top-ſails. If it continues to blow - 
harder, in top-ſails; I would take in the fore and mizen top-ſails firſt, becauſe. it 
will eaſe the ſhip forward ; for when it blows hard we generally have a head ſea, 
and ſhe keeps to the better, Let go the fore-top-bow-line. lower away the haul- 
yards, man your weather clew-line and bunt-lines, clue cloſe up your weather- 
ſheet. In weather-brace, up your lee-ſheet, ſteady your lee-brace. Steady 
taught your top-ſail-haul-yards ; ſend the people up to hand the fail, and when 
they are up, before they go on the yard, clap on your rolling-tackle to ſteady the 
yard (and all the top-ſails ſhould be taken in the ſame way) : Then take in the 


| main-top-ſail, and the ſhip is under her courſes. 4 


Q. How would you wear a ſhip under her courſes? | 
A. Haul the main- ſail up, hve down mizen-ſtay-ſail, ſquare the aft-yards, — : 
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hard a-weather the helm; man the weather fore-braces, and let go the lee-brace, 
| and. fore bow-line; let go the fore-tack, and get on board the other, keep her 
large if room, until you get the tack on board and belay it. Then luff up the 


EXAMINATION OF A 


wand, aft your fore-ſheet, and brace it up. Set the after-ſails, aboard main-tack, 
aft main - meet, brace all up, and haul the bow-lines ; and when your fails are 


trim'd, ſhift your rolling-tackles on the top-ſail- yards. 
Q. How would you wear a ſhip under a main-ſail, the fere-ſtay-ſail being 

blown away? | | | 

A. To lay to upon the other tack I muſt watch the ſhip's falling off, put the 

helm a-weather, and as ſhe falls off eaſe off the ſheet ; but if that will not do, 1 

would get ſome hands up in the fere-ſhrouds with tarpaulins ; if ſhe will not 


wear with this method, I would haul aſt the main-ſheet again, and lay her to as 


before, and then get a piece of canvaſs, and laſh it round the lee quarter of the 


Ain 


g with water when it is looſed. When the ſhip falls 
weather, caſt looſe the lee-yard-arm of the fore-ſail, and haul aft the ſheet, and 


it-ſail-yard, and top the yard up as much as poſſible to prevent the ſail from 
off, put the helm 


as the ſhip falls off, eaſe off the main ſheet, and gather aft the weather-brace; 


raiſe the tack, and gather aft the ſheet, and when the ſhip is before the wind, get 


on board the other tack, aft the ſheet, ſquare the ſprit-ſail-yard, furl the ſail, eaſe 


down the he 
bow-line. 
Q. Sup 


poſe ſhe will not wear for all this ? 


im, haul cloſe aft the main-ſheet, brace up ſharp, and haul the 


A. Then I would looſe the gooſe-wings of the fore-ſail ; if that will not do, 
ſet the fore-ſail, and wear her as under courſes, or haul the main-fail up; if by 
hauling the main-ſail up, and handing it ſhe will not wear, ſtrike the mizen-yard 
lower down, ſtrike the croſs-jack-yard and mizen-top-maſt ; and if that will not 


do, cut away the mizen-maſt. 
How would you proceed if a top-ſail ſplits ? 
go the bow-lines, and lower away the haul-yards, clue up the lee-ſheet, 
the bunt - lines, ſtart the weather-ſheet, haul in the weather-brace, 


ge-line, bunt-line and brace, unbend the ſail, and bend another, then 
either furl or ſet it as circumſtances require. 


A. Let 
and haul u 


Q Suppe it blows hard, and you ſplit your main-ſail, what would you do? 
A. I would haul it up and ſettle the yard; unbend the fail, and bend another; 


aboard the main-tack and aft the ſheet, and then ſway the yard up. 


The fail 


Ting a-back will prevent its fluttering. Let the ſail fill, which will help and 


make the yard go up the eaſier; while I am doing this the mizen- ſtay- ſail 


ould 


be ſet. When the fail is full, and the wind blows hard, get a tackle on the 
weather leach to ſecure the tack and preventer-ſheets ; but in ſmall ſhips they get 


the lee tacks for preventer-ſheets. 
Q. How would you box a ſhip off? 


A. Put the helm to weather, haul up the mizen, and down the mizen ſtay-fail, 
raiſe the fore-tack, let go the fore and fore-top-bow-lines and fore-ſheet, round 
in the weather-braces forward, haul the jibb and ſtay-fail ſheets in flat forward, 


and up the lee-bow-lines : If ſhe has ſtern- way, 
yays 
| abou 


ut the helm a-lee : When ſhe 
off, and the after-ſails are all full, eaſe off the jibb and ſtay- ſail ſheets : Brace 


2 head-fails, and bring on board the fore-tack ; but if ſhe has head-way, 


right the helm, and tend her coming to; then brace up ſharp, haul the bow-lines. 


Q. Sup 


e you are on a wind cloſe upon the land, and ſtanding on muſt run on 


| ſhore, and you can clear the land on the other tack : but it blows hard, and a 
| head-ſwell that ſhe wont ſtay, and ſhould you wear you would be on ſhore, how 


will you 


get upon the other tack ? 


A. Some would fay I ſhould club-haul her. This is done by putting the helm 


lee, and letting go the lee-anchor, and bring her up, head to wind, cut the _— 
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and haul about the after-ſails, and when they are full, brace about the head- ſails, 
h iul on board the fore-rack, and brace up the other way; but that which is moſt 
common is, by box-hauling her. | 

Q. How would you box-haul a fhip ? 

A” If ſhe refuſed ſtays, I would haub the mizen up, haul about the after-ſails, 
and let go the weather-bow-lines forward ; haul the lee-bow-lines, ſet in the 
weather-braces, and keep the head-fails a-back to prevent the ſhip's having head- 
way, by which means ſhe will pay round in her length. I muſt obſerve to keep 


| the helm a-lee, by reaſon ſhe will have ſtern way, and as ſhe falls off, muſt keep 


the after-ſails ſhivering; when ſhe is before the wind, brace- up abaft, and get 
aboard the fore-tack, and as ſhe comes to, haul the mizen out, and trim ſharp, 

Q. Suppoſe you are upon a wind, and let the ſhip come up in the wind, and 
are all a-back, what would you do ? 

A. Haul the mizen up, let go the main and main-top-bow-lines, the lee-main 
and main-top-ſail braces, and lay all ſquare abaft; put the helm fo leeward if 
ſhe has ſtern- way; when the wind is abaft, ſhift the helm; and as ihe gets head- 
way, haul in a little of the ſtarboard braces abaft, haul the mizen out, and brace 
ſharp up abaft, and haul the bow-lines, and then I am on the ſame tack as before. 

Q. If by accident your ſhip were brcught by the lee, what would you do? 

A, When a ſhip is brought by the lee, it is commonly occaſioned by a large 
ſea, and by the neglect of the helm's-man. When the wind is two or three points 
on the quarter, the ſhip taking a lurch, brings the wind on the other fide, and 
lays the fails all dead to the maſt; as the yards are braced up, ſhe then having 
no way, and the helm being of no ſervice, I would therefore brace about the 
head-ſails ſharp the other way, then haul the main-ſail up, and juſt keep the main 
and main-top-fail ſhivering. When ſhe gathers way, and brings the wind aft 
again, raiſe the fore-tack, and ſquare the head-ſails ; trim the fails as they were 
before, and bring her to her courſe again handſomely. —N. B. It is dangerous to 
bring a ſhip by the lee in a gale of wind; for ſhe lying entirely againſt the ſea, 
her ſails can be of no ſervice till braced about. 

Q. Suppoſe you were upon a lee-ſhore, and had neither room to wear or ſtay, 
nor any anchoring ground, how would you put the ſhip's head round the other way ? 

A. I would put my helm hard to lee, and when ſhe comes head to wind, raiſe | 
the main and fore-tacks directly, make a run with my weather-braces, and clap 
all back at once ; then haul forwards the lee-tacks and bow-lines as far as I can, 
that the ſhip may fall round on her heel ; and when the main-ſail begins to ſhiver, 
I would haul it up, and fill my head fails, and ſhift the helm hard a-weather ; 
then when the wind comes on the other quarter, haul on board the main-tack, and 
bring her cloſe to the wind. | | | 

Q. Suppoſe you were upon a lee-ſhore, and had neither room to wear or ſtay, 
and you had anchoring ground, what would you do ? 

A. When I ſee the danger, I would take a good hawſer and lead it out of one 
of the quarter-ports, and bend it to the anchor to leeward ; the other part I would 
bring to the capſtan, and ſhip the bars, and when I go to tack, clap my helm a- 
lee: As ſoon as the wind is out of the main-ſail haul it up, and then let go the 
anchor, and heave on the ſpring to caſt her; becauſe the cable ſhould not check 
her when ſhe comes head to wind: Brace about the main. yard, haul on board the 
tack, and cut away the cable and ſpring ; when the main-ſail fills, ſet the ſore - 
ſail ; haul aboard the tack, and trim her to the wind. 2 
Q. Suppoſe it blows hard, and you cannot carry your courſes, night coming 
on, and it is likely to blow harder, what will you do? | | 

A. I would haul the fore · ſail up and furl it, balance the mizen and reef the 
main-ſail, haul the mizen ont to keep her to, then haul up the main-clue-garnet 
and bunt-line, ſquare the yard, and get ſtops round the maſt by the booms to 
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hook the yard - tackles to for rolling-tackles; then lower down the yard, and reef 
the ſail; haul on board the tack, get aft the ſheet qo and ſway the yard 
up. Tend the braces, bouce up the bow-line, and haul up the mizen. 

Q. In caſe you were to carry away your maſt, what method will you take to get 
clear of the wreck ? 


A. I would put my helm a-weather to give the ſhip ſome way through the 
water, and then cut away. 

Q Suppoſe you were to carry away your bowſprit, what would you do? 

A. Should that happen, or that I ſhould ſpring my bowſprit, I would imme. 
diately wear ſhip, we 1 Wn her before the wind ; and then, for ſecurity of the 
foremaſt, I would carry forward runners and tackles, and bouce them well taught, 
all I can get a hawſer, or ſufficient rope, and clench it round the maſt-head, and 
ſecure it to the bits of the fore-caſtle, or to the cat- heads. 


— 


Neceſſary Remarks on coming into the Channel. 


ERSONS coming from a long voyage, without doubt, try for ground in 
time, and, if poſſible, would keep in the latitude of 499 N. in which latitude, 
and in go fathoms water, you will have fine ſand 66 leagues from the Lizard; but, 
ſhould you be in the latitude of Scilly, then coarſe ground, and 80 fathoms. In 
coming in, having ſtruck ground in 90 fathoms, you will, from the latitude 
49 zo to 49?, meet with the ſame depth; then, failing 6 or 7 leagucs, you will 
ſhoal 5 fathoms at once; you run in that depth for ſome time, and deepen again; 
perhaps in 3 leagues you ſhoal again: You muſt therefore have recourſe to the 
neral ſouncings, not to particulars. But if, in coming in, you meet with 
And interſperied with black ſpecks like beaten pepper, and you have 64 fathoms, 
Eien Scilly bears N. E. by N. 14 leagues; and if, at any other depth, you 
have the ſame ſoundings from go to 64 fathoms, you have the Channel fairly 
open; but particularly beware of the flood tide, which ſets up the Iriſh Channel, 
and draws you to the Northward. When you are in the latitude of 499 30”, and 
| {5 fathoms, you mult be ſure to ſteer E. by S. or E. to S. E. and then you will but 
© keep your lat. good; which, if poſſible, do not go the Northward of, till you 
t within Scilly ; nor then, without you have an opportunity of making the land. 
en you are a-breaſt of Scilly, if you be not to the Southward of 499 25/, nor to 
the Northward of 499 200, and have 60 fathoms, you are ſure to be the length of 
Scilly, and in the latitude as before-mentioned ; with 35 fathoms you are — wk 
of the Lizard. | 
If at any time you ſhould be to the Southward, and have from go to 70 fathoms, 
or in the latitude of Uſhant, or farther Southerly, you will have redJiſh gravel 
and, with many pieces of ſhells ; which ſoundings are no where to be found in the 
annel. If in the latitude of Uſhant you have 86 fathoms, you are diſtant from 
thence 36 leagues: if 70 fathoms, 11 leagues; then you muſt be careful in the 
Fight, or thick weather, to come no nearer to it than 63 fathoms, nor to the Leams 
than 6c fathoms. You may know when you are to the N. ward or to the S. ward 
of Scilly by the ground. When you are to the Northward, or in the latitude of 
it, you have ouze on the lead from 85 to 60 fathoms ;. then you muſt haw! to the 
Southward till you meet with coarſer ground, which you will have to the S. ward 
of Scilly ; you may depend on having ouze on the lead in this latitude, or to the 
Northward' of it ; fo that, if you keep the lead going, you may prevent falling to 
the Northward. For your better knowing when you are near Scilly, you will 
find on the lead black ſtones, the like of which are no where elſe in the Channel. 


in the night come no nearer than 53 fathoms; and in that depth you are * above 
— | 3 leagues 
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z leagues from the Scilly Rocks. That you may know if you be within Scilly, 
and in the Channel, ſtand to the Southward, and you will have deeper water; to 
the Northward, and you will have ſhoaler. Come no nearer to the Lizard, in the 
night, than 45 fathoms. If running up the Channel in the night, keep without 
the fiream of 40 fathoms, for in that ſtream the Eddyſtone lies: Between the Start 


and Portland, no nearer than 24 fathoms; nor from Portland to the Neſs, than 20 
fathoms, if in the night or thick weather. When you are in the fair-way, up 
Channel, you will always have fine ſand, intermixed with black ſpecks and hake's 


N teeth. By this time you will moſt probably have made the land; but obſerve that 


between Beachy and the Wight there are from 30 to 38 fathoms water; by which 
vou may be led to imagine yourſelf farther out than you are. That depth is found 


a. 4 leagues diſtance from the Owes and Eaſtborough- head. 


Directions fer Jailing from Yarmouth up the Swin, in Queſtions and 
Anfovers. | 


NF Q WW HAT is the courſe and mark over the Stanford, and how do the lights 


bear when in one? 
A. The courſe is 8. by E. The high light open to the Northward of the low 
light, which, when in one, bear N. by W. 2 W. . 
Q. How do you know when you are to the Southward of the Home- head? 
A. When Loweſtoff church is open to the Southward of the Tower, you are 
above the Home-head. | 
Q. How does it flow on the Stanford, and what water have you on it at dead 


low ſpring tides ? 


A. It flows at: the Stanford by the ſhore upon the full and change days at a 
quarter paſt 9 ; but the ſtream runs till half paſt 10, except inituenced by the winds, 
A NV. wind varies the tide conſiderably, and a SW. wind lowers it 2 fathom 
(ſometimes) below the common ebb. A 

Q. What is the courſe from the Stanford to Southwold, and with what water 


would you ſtand to the Barnard ? 


A. The courſe is 8. by W. 2 Weſt, no nearer than 9 fathoms to avoid the 


{ Barnard, which is a ſand that lies between Sea-row and Ealtneſs, a mile from the 


ſhore. The courſe then for Orfordneſs is SW. | 
But what mark have you to carry you clear of Eaſtneſs ? a 
A. Loweſtoff church a ſail's-breadth open with Pakefield Cliff. 7 
4 What is the mark for the ſhoaleſt part of Siſley Bank, and how would you 
avoid it? | 


A. The mark is a ſmall houſe in the valley, in one with twe trees, and the 


leading mark is Orford church and caſtle, or Orford mill open with Aldborough 


Town. q fathoms is near to it. | 
Q. Is there nothing in the way between Siſley Bank and the Pitch of Orfordneſs?? 
A. Yes; there is a dangerous ſhoal half a mile below the Neſs ; come no nearer 

than 8 fathoms, and you will avoid it. | a 
Q. How do Orfordneſs lights bear when in one? 

A. Weſt North Weſt. | | 
Q. What mark have you for Aldborough Knaps, and how would you avoid them? 
A. Aldborough Knap bear from the church E. by S. 4 S. and Orford lights 

bear W. bk 4 S. 7 miles from the Knaps. The leading mark to clear them + 

is to keep Orford church and caſtle open a full ſail's breadth, which leads you into 

leſs than 13 fathoms water; without the Knaps is 16 fathems. A South by Baß 


moon makes full ſea here ; and at low water there is net mœe than 10 feet water 
upon. this ſand, EY Q What 


5 . ** 
* ER 
* * 
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Wust leading marks have you for the Galloper, Shipwaſh, and Knaps ? 
A. Th: lights of Orfordneſs, in one, will carry you 4 miles to the Northward of 


the Shipwaſh ; 4 miles to the Southward of Aldborough Knaps ; and 4 miles to Q 
the Northward of the Galloper, and you will have 16 fathoms water between te you 
Knaps and Galloper. 5 | A 
Q. What is your courſe and leading mark into the Neſs ? whit 
A. The courſes are SW. SW. by W. and W. by 8. The leading mark is to NN 
keep the tuft of trees upon Falſter Cliff open with Baudſey Cliff, till the Neſs light, Q 
bear NE. by E. | to it 
Q. How does the buoy on the NE. end of the Whiting bear from Orfordneſ; A 
lights, and what are the marks to go clear of it? | | ſtee] 
A. The buoy bears from the light-houſes SSW. & W. and the leading mark; Q 
are Orford Mill Den to the Eaſtward of the town leads you to the Northward of A 
the buoy ; and the ſaid mill open a ſails-breadth to the Weſtward of the caſtle, Q 
leads you clear of the SW. end of it. H 
Q. How near would you ſtand to the Whiting, and how near the ſhore ? mor 
A. I would ſtand to the Whiting within 8 and 7 fathoms, and to the Main till 
within 6 or 5 fathoms ; but between the ſand and ſhore there is a middle ground For 
with 44 on it at low water, on which Horſley church bear WZ S. diſtant , 
2 or 3 miles. 
What is your mark for the W. end of Baudſey-ſand, and how near would and 
you ſtand to it? awa 
A. The mark is Baudſey church open to the South end of a tuft of trees, NW. 0 
EW. 4 miles. Near to it is 8 fathoms water. ſtan 
Q. What is your mark for the South end of the Ship-waſh. 5 
Ar Baudſey church NW. by W. or the Nazes W. by S. diſtant 4 leagues. It h Wt 9 f 
ſeep to on both ſides; 9 fathoms is near it. +4 
What is your mark for the Cutler, and how would you avoid it ? Hoc 
A. The Cutler lies one mile from the ſhore ; the leading mark is dhatley High- 5 
land, open with Falſter Cliff. 6 fathoms is cloſe to it. ( 
. What are your marks for the buoy of the Ragged- ruff? 4 
A. Baudſey church bearing N. & W. and Harwich ſteeple on the Eaſtermoſt 0 
—4 of Landguard- fort, bearing NW. by W. and the Naze tower W. by S. It 4 
in 16 feet at low water ſpring tides. | 0 
-Q What are the marks for the Cork ridge, and how would you avoid it ? ſtan 
A. The mark to go clear of the Cork-ridge is Harwich- church and brewhouſe 4 
in one. It bears SSE. from Landguard-fort. The long mark to go within it, is Gre 
the land to the Southward of the Naze, ſhut in with the Naze land. Buc 
Q. What mark have you for the Platters, and how would you avoid them ? tat 
A. The Platters are ſteep to, and lie 1 mile from the ſhore; 5, fathoms is near . ( 
them. The mark to go clear of them is Orford church and caſtle-wall open with it | 
Baudſey Clif. | 
Q. would you avoid the Andrews? Nd 
A. Zy keeping Baudſey church open with Falſter Cliff, leads me clear of it in lan 
5 fathoms water. ( 
What is the mark to lead you between the Andrews and the Ridge? | 5 
A. The lights in one bearing NW. carties you between the Ridge and the 2 
lid 


8. 
> were in the fair-way between Baudſey-fand and the Cutler, 
* | vil Geer out of the Sledway ? 5 
"A. When Baudſey church bore NW. I would ſteer S. by W. South, or 88 W. 
ing Baudſey church N. by W. or open to the Northward of the Cliff, or elſe 
| Al ſteeple open to the North of the wood till the Nase tower bore W. 
dy N. or WNW. I ſhould then be above the Weſt rocks: I would then — 


E S 8. 


2 


It 


ſe 


. 


Baudſey- ſand. 
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SW. by S. or SW. for the Buoy of the Gunfleet, which lies 4 leagues from 


8 marks have you for the Buoy of the Gunfleet, and how near it would 
ou ſtand ? | 
: A. Gunfleet Buoy lies with the Naze tower juſt open to the Northward of a 
white houſe, bearing NW. and Harwich lights juſt open with the Cliff, bearing 
NNW. 7 or 6 fathoms is near it. | $5.5 

Q. What mark have you for the Sunk-head, and how near would you ſtand 
to ut ? | | 

A. The Sunk-head bears from the Naze tower SE. 2 S. and 13 fathoms is 
ſteep to it. 

Q How does Long-ſand-head bear from the Naze? 

A. South Eaſt by Eaſt. 5 

Q. Suppoſe you was bound round the Long-ſand, how would you behave ? 

A. I would ſteer out ESE. till T had 20 fathoms water; then I would haul 
more to the Southward till I gat paſt the Knock, and not go within 18 fathoms 


| till I raiſed the Foreland, for which I would iteer. The Knock bears from the 
Foreland NE. by N. 


Q Where is Goldermore's Gat ? | 
A, It lies between the Weſt rocks and the Gunfleet, where you will have 8 
and 9 fathoms water. The flood tide ſets ſtrong into it, which you muſt be 


aware of. 


Q. What mark have you for the Gunfleet Beacon, and how near would yon 


ſtand to it? 
A. It ſtands with Great Holland church N. by W. 4 W. and the Naze NN Rg. 
9 fathoms is near it. | 4 


Q. What is your courſe from the Buoy of the Gunfleet to the Beacon on the 


Hook ? 


A. SW. by W. if near the Buoy ; but if a good birth off WSW. 
Q. What is your courſe from the Beacon to the Spits, and what diſtance ? 
A. The courſe is WSW. or W. by S. diſtance 10 miles. 
Q. What diſtance have you from the Hook to Sunk-head, and what water? 
A. Six miles ; from 6 to 14 fathoms water. RY | 
*. What mark have for the Buoy of the Heaps, and how near would yo 
? 


A. The Buoy of the Heaps is white, and lies below the Tail of the Middle: 
Great Holland church bears N. 4 W. from it, the Gunfleet Beacon NE. by N. the 
Buoy of the Spits NW. by W. and Whitaker Beacon W. 2 N. It hes in 4 


fathoms water; 7 fathoms is cloſe to it. 


Q What mark have you for the outer Buoy of the Spits, and what water does 

it lie in? | 
A. It lies in 21 fathoms at low-water with Great Holland church, bearing 

NNE. Whitaker Beacon W. by S. 4 W. and the Naze tower open SW. of the 


land. 


Q. What marks have you for the inner Buoy ? 
A. The outer Buoy W SSE. and Great Holland church NE. by E. It 
lies in the ſame water as the former. 


44 N Suppoſe you have a turning wind, how near would you ſtand from ade 1 | 
* | | 
A. I would ſtand to the Buoy in 7 or 8 fathoms, and off to the Middle to 8 


| or 7 fathoms, finding 10 fathoms in the Mid-channe], and ſoft ground. Between 


the Middle and the Buxey is a middle ground of 4 fathoms; and before I was 

the length of the Whitaker Beacon, I would come no nearer than 7 fathoms,. 

becauſe the tide ſets ſtrong into Whitaker Swatch. : | " 
pF Q. What 
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Q. What is the courſe from the Buoy of the Spits to Whitaker Beacon? 
A. South Weſt 3 eſt 4 miles. 
2 2 near would you ſtand, and what ſhoaling have you from 

e to ſide ? 

A. When as high as Whitaker Beacon, I would ſtand to the Beacon in 6 or 7 
fathoms, and off to the ſame depth. The Channel between the Beacon and the 
Buoy of the Middle is half a mile wide; and at about one-third of the Channel 
from the Beacoa lies a middle with 4 fathoms at low-water : but above the Buoy 
it lies nearer the Barrows. 

Theſe obſervations may often be of uſe, and ſerve to give the ſtudent an idez 
of that part of navigation, called Pilotage, or the Art of conducting a Ship 
near Shore, where it is neceſſary, if poſſible, to get a pilot on board to take the 
charge of the ſhip, as the navigator caunot be ſuppoſed to be acquainted with the 
dangers of every coaſt; but he ſhould be provided with the beſt charts he can 
procure of every part he fails to. 


2 
1 


The Doctrine of Spheric Triangles, Reftangular, and Oblique, both 
+ r Geometric, Logarithmic, and Inſtrumental. 


EFORE L enter on ſpheric trigonometry, as to the framing and working 
| proportions therein, it will be neceſſary you ſhould underſtand how to make 
a ſpheric triangle, and to meaſure any of its parts: In order thereunto I have 
contrived the following problems, which I call ſpheric geometry. 


Spheric Geometry explained by Definitions and Problems. 


Definition 1. — geometry is that by which the circles of the ſphere are 
9 deſcribed, drawn, or projected on a plane, or flat ſuperficies. 
2. A ſphere, or globe, is a round body, made by the moving of a ſemi-circle 
about its on diameter, till the motion end where it began. 
3. The projection of the ſphere is either orthographic, ſtereographic, or gno- 


4. Orthographic is the drawing the ſuperficies of the ſphere on a plane, which 
| catteth the ſphere in the middle, with reſpect to the eye being placed perpendi- 
cular to it, and at an inſinite diſtance therefrom : This projection maketh uſe only 
- cf the lines of chords and fines. 

5. Stereographic ſheweth how to deſcribe the ſphere's ſaperficies on a plane, 
which — it in the middle, with reſpect to the eye being placed in the ſphere's 
ſuperſicies, perpendicular to the center of the ſaid plane. 

56. Gnomonic projection of the _ is drawing the ſuperficies on a plane 
| touching it, with reſpect to the eye being placed on the ſphere's center. 
Theſe two laſt require the uſe of the lines of chords, taugents and ſecants. 
| 7. All circles of the ſphere are either great circles, which cut the ſphere into 
two equal parts; or leſs circles, which divide it into two unequal parts. 
| 8. The plane on which the ſphere is projected, is that circle which bounds, 
or limits the projection, and is repreſented by the circle BCDE, drawn with a 
ſweep of 60 2: from the line of chords. N 
9. A Great Circle, is either the primitive circle, a right circle, or an oblique 


| Theſe circles confidered ſeverally, or jointly, afford divers problems, which 
| are the ſabjeR matter of Spheric Geometry, ate ſuch as follow. 


110. To 


1 * N 1 4 
: 


SPHERIC GEOMETRY, 81 
110. To find the Pole of any Great Circle, 


Definition 1. A Great Circle, is either the primitive circle, as BODE ; or a 
right circle, as the diameter BAD ; or an oblique circle, as the arc BFD. 
2. The pole of a great circle, is a point every way go degrees diſtant from it: 


And | 
Note ®. The pole of a great circle is either upon the primitive circle, or within 


0 t. 
' 2, When the pole is within, it is either at the primitive circle's center, or not, 
ea In this problem are 3 caſes, | 
up Caſe 1. The Pole of the Primitive Circle is required. 
* Example BC DE the primitive circle given ; to find the pole thereof is required. 


The Rule. Find A, the center of the primitive circle BCDE, which center 
\ is the pole required. - 8 


Caſe 2. The Pole of a Right Circle is required. 


Definition. A right circle paſſeth through the 
enter of the primitive circle, and in the projection 110 
a diameter; as BAD. 
Note, A right circle hath its pole on the primi- 
ive circle. 
Example. The pole of the right circle BAD, is B 
quired. 
ze rule. From the chord lay go degrees on 
e primitive circle from B or D, both ways to C 
and E; I ſay C and E, are the poles of the right 
ircle BAD. | 


I 
. 
2 


Caſe 3. The Pole of the Oblique Circle is required. 


le Definition. An oblique circle paſſeth not through the center of the primitive 
ircle, and in the projection is repreſented by an arc; as BFD. 
0 LNote 1. The poles of an oblique circle, are in a diameter which paſſeth through 
s center. : | 
2. One of the poles of an oblique circle, lieth between the centers of the 
rimitive and oblique circle. 
3- Every great circle, whether right or oblique, cutteth the primitive dia» 
netrically oppoſite. TD 
8 | 3 Example. 
. . = e | Circle, and 12 | its center given 
ne * pow of the oblique 8 3 required. | 
e Rule. 1. Through A and Y, draw a diameter to cut the primitive 
n C 1 K , and the oblique circle . * _ 
2. Lay a ſcale on B and F, to cut the primitive circle in L; which is called 
war. oh to the primitive circle, 3 
3. Take go degrees (from the of chords) and lay it on the primi 
rcle, from 1. to ö. . 2 855 
4. Reduce O to che diameter CAE, by laying a ſcale on B and O, to cut the 
ue ameter CAE in I, the pole of the oblique circle BFD. 5 


111. To deſcribe a Spheric Angle. | 


Definition. A ſpheric angle is made by the interſe&ion o ; 
de interſection — the . point. 1 f two great circles 
Note, In this problem are two _ 


w 


Caſo 
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Caſe 1. To make an Angle, that the Angular Point may be at th: 

"5 Center of the Primitive Circle. 

The Rule. Such an nga is made (in all reſpeQs) like a plane angle. 

Example. An angle BAH equal 40d. 3om. (whoſe angular point A may be 
center of the primitive circle) is required to be made. ; 

1. With a chord of 60 degrees (on the center A) deſcribe the primitive circle, 


Pp Fad q — 
7 
* 
; N 
{ > 
: A 
5 ny % * 
2 - 
* 7 
f B . 
4 
* * 


2. On the primitive circle, and from the ſame chords, make BH equal to 40d. | 


Zom. TT 5 
3 From B and H draw two right circles, or diameters, through A, which will 
include the angle BAH required to be made. 5 | 


Caſe 2. To make an Angle, that the Angular Point may be at the 


Primitive Circle. 


oblique circle, with the ſecant of the given angle. 
Example. An angle CBF equal to 34d. zom. 
(whoſe angular point B may be at the primitiy: 
circle) is required to be made. 
D . 1- Deſcribe the primitive circle BCDE, as before 
directed. 85 
2. Lay a ſcale on A (the primitive cirele's center) 
and cut the primitive circle in B and D. 
3. With the ſecant of the given angle 34d. zom. 
and one foot in B, deſcribe the are L. 
| 4. With the ſame, and one foot on D, croſs the 
former arc in L ; the center of the oblique circle BFD, which will include the 
angle CBF equal to CDF, required to be made. | 5 
Note; When the given angle is obtuſe, take its ſuppl-ment to 180 degrees, 
and with the remainder make the angle as above directed, and 'tis done. 


112. To draw a great Circle through any given Point jo that it ſhall 
. make with the Primitive Circle any given Angle. 
The Rule. 1. With the tangent of the given angle, and one foot on the 
center of the primitive circle, make an arc. | 5 
2. With the ſecant of the ſame, and one foot in the given point, cut the former 
arc, which point of interfeftion is the center of the circle required to be. drawn. 


44 EX MP L [ho 
BCDE the primitive circle] | 
A the center thereof - - given; 


F the point — — — 2 ' 
C | Through P, to draw an oblique circle, that i 
2 — may make an angle with the primitive circle, equal 


to 34d. zom. is required. 
Note; The given point muſt be fo far from the 
center of the primitive circle, that the tangent from 
P the center, and the ſecant (of the ſame) from the 
given point may interſect, or cut each other; other- 
wiſe it is impoſſible. : 
1. With the tangent of 34d. zom. and one foot 
«54 YI A ORE ST IT $ H, | 
2. Then with the ſecant of the ſame, and one 

foot in F, cut the are Lin the center of the obs 
| | | cire 


The Rule. Such an angle is made by drawing an 
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circle BFD, required to be drawn; and if B and D are diametrically oppoſite, 
it is done true, otherwiſe not. | : A 
113. To draw a great Circle through any two Points given; either } 
both within the primitive Circle, or one within, and the other without. | 
The Rule. 1. Draw a line from the primitive circle's center, through ons 
(always the remoteſt) of the two points, to cut the primitive circle, and produce 
it at pleaſure. | — ; 
2. From the ſaid point draw another line to a point in the primitive circle, that 
15 god. diſtant from the firſt line. | | | 
3. On the laſt line, and at the point in the primitive circle, erect a perpendi- 
cular, to cut the firſt line in the third point. | 
4. Through the two given points, and this laſt third point, draw by (22) an 
arc of a circle, and it is done. | | 
EXAMPLE. 
BCD E the primitive circle ” 
A the center thereof - - - | give : | | 
F and G the two points- - 
Through F and G it is required to draw a great circle. 
1. Through A and F draw the diameter BFAD, 
to cut the primitive circle in B and D, and continue it 
farther at pleaſure. | 
2. Lay the chord of god. on the primitive circle 
from B, or from D, to C or E, and draw the line FC 
or FE. a 5 
3. At C erect CH perpendicular to CF, or at E 
erect EH perpendicular to EF, to cut the diameter 
BFAD in H, the third point. 
4. Through F, G, and H, draw a circle IFGKH, 
which will cut the primitive circle in I and K, diame- 
trically oppoſite, and it is done. | 


114. To draw à great Circle perpendicular to, or at Right Angles, il 
ho CE with a given great Circle. | 
A General Rule. Draw a great circle to paſs through the 'poles of the given 
er great circle, and lit is perpendicular to it, or it makes a right angle with it. In 
this problem are four caſes. = . 

Caſe 1, To draw a great Circle perpendicular to the primitive Circle. 
The Rule. This is done by drawing a diameter through the center of the 
primitive circle ; for the center of the primitive circle being its pole, all right 
lines drawn through the center, repreſent perpendicular circles to the itive 

t it circle. BAD, fig. (111) is NN to the primitive BCDE. | 


Caſe 2. To draw a Right Circle perpendicular to a given Right reis AF 
the The Rule. This is done by drawing a diameter at right angles to the 
A right :.rcle ; or quartering the primitive cirele by (225 CAE is perpendi to 
the BAD, hg. (1 10.) f | 


er- Caſe 3. To draw” an Oblique Circle perpendicular to 4 given Right 


_ | Circle. | 
The Rule. 1. Find the two poles of the given right circle by (110.) | 
ond 2. Draw an oblique circle through theſe two poles, and it A Gbbe as in figure | 
que i 110.) B and D arg the poles of the right circle CAE, to which the oblique circle 4 
xcle Ne F 3 20 | FD 
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| BFD is perpendicular, and the center of it may be found by (111) caſe 3d, which 

may be either within or without the primitive circle. | 

ote, If AF be known, or limited to a certain diſtance, then it is done by 

drawing a circle through the ; points B, F and D. 
Or, if AF be any known number of degrees, then take the ſecant of its com- 
plement, and ſetting one foot on B, or D, the other will croſs the given right circle, 
in the center of the oblique circle required to be drawn, as at y if it fall without 
© the primitive as in (110) or at L if it fall within the primitive, as it does in (111.) 
Caſe 4. To draw an Oblique Circle perpendicular to a given Oblique 
. Circle. 

The Rule. 1. Find the pole of the given oblique circle by (110.) 
* 2. Through that pole draw a great circle, which will cut the oblique circle at 
| Tight angles, and the primitive circle diametrically oppoſite, and it is done. 
T | EXAMPLE. 


17 melee, Circle, and AI its center given. 
I 114. To draw another oblique circle perpendicular to the 


oblique circle BFD is required. 

1. Find G, the pole of the given oblique circle BFD 
by (110) caſe 3d. | 1 

2. Through G draw the circle HIGK, to cut the pri- 
mitive in H and K, and the oblique circle BFD in ſome 
point I (ſo that HAK is in a diameter) and it is done, for 
then the angle BIH is a right angle, and the oblique 


{C circles BFID, and HIGK, are perpendicular to one 
. Uk another. 


Note 1. If the point I (in the given oblique circle) is - 


given, then draw a circle through I, and the pole G, by (113) and it is done. 
Or, if it be required, that the ſaid oblique circle ſhall make a certain angle at 
the primitive one, then draw a circle through the ſaid pole G, (by 112.) 


115, To lay any Quantity of Degrees on any great Circle. 
In this Problem are three caſes. | 


| Caſe 1. To lay any Quantity of Degrees on the primitive Circle. 
The Rule. This is done by, or from the ſcale of chords. | 


EXAMPLE. Fig. (111.) 
BCDE the primitive circle, and A its center given. 
To lay god. 30m. on the primitive circle from B is required. 


From the ſcale of chords, take 40d. 3om. and lay it on the primitive circle from 
B to H, and it is done. 


"Caſe 2. To lay any Quantity of Degrees en a rizht Circle. 
The Rule. This is done from the ſcale of half-tangents, counting the begin- 

ving thereof to be the center of the primitive circle. 
W___ 7 EX A MP L E 
þ © BCDE che primitive circle, and A its center} . _ 

CAE is a Fake _ 7 I = 

On the right circle CAE, from A, to lay 55d. 3om. or from C to lay 34d. 30m, 
_* 1s required, fig. (111.) 
Prom the half-tangents, take 55d. zom. and lay it on the right circle CAE, 
E from A to P, or the diſtance from 90 degrees to 55d. zom. on the ſcale of half 
| 3 «3 4 : ; tangents, 


2 4 & * - 9 -v 
* - 5 7 


0 


ch 
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tangents, laid from C to F is the ſame thing, for the angles CBF and FBA 
together are equal to 90 degrees, and AF and FC together is 90 degrees. 


Caſe 3. To lay any Quantity of Degrees on an Oblique Circle. 


The Rule. 1. Find the pole of the given oblique * 11.5. 
circle, by (110) Caſe zd. 

2. Lay the given quantity of degrees on the pri- 
mitive circle, by Caſe 1. of this problem. 

3. Reduce it from the primitive circle to the given 
oblique circle, by laying a ſcale on its pole, and B 
tis done. | 


EE SS EF LE 

5 \ circle, and 3 A its center given; 

On the oblique circle BFD (from B) to lay 514. zom. is required? + 

1. By A and y, draw the diameter CAE, and find G the pole of the oblique 
circle, by (110) ag _ 

2. From the ſcale of chords, take 51d. 3om. and lay it on the primitive cixleg 
from B to H. | 

3. Lay a ſcale on G and H, to cut the oblique circle, BFD in J, then is BI 
(on the oblique circle) equal to 51d. 3om. as was required. 


116. To meaſure any Part of a great Circle. . 
In this problem are three caſes, which are but the converſe of thoſe in the laſt 


problem. 


t Caſe 1. To meaſure any Part of the Primitive Circle. 
The Rule. Take the part required to be meaſured, and lay it on the ſcale of 
cherds, and it ſheweth how much it is. I 
EXAMPLE. Fig. (111.) 
BCDE the primitive circle, and A its center given ; 
To meaſure BH, a part of the primitive circle, is required? 
Take the extent BH in the compaſſes, and lay it on the chord, which will ſhew 
how many degrees it doth meaſure. | | 


Caſe 2. To meaſure any Part of a right Circle. 


| The Rule. 1. If the part to be meaſured lieth next the center of the primitive 
circle, then it is meaſured on the ſcale of half-tangents, from the braſs center pin 
at the beginning thereof. | 

2. When the part to be meaſured lieth next to the primitive circle, then it is 
| meaſured on the ſcale of half-tangents, from god. counting 80d. to be 10, 70 to 
be 20, 60 to be 30, Ke. Es | | 

EXAMPLE. Fig. (111.) 

BCDE the primitive circle, and A its center ] . 

EAC a right circle * | 

To meaſure CF or AF, on the right circle EAC, is required? 1 

1. Take AF, and lay it on the ſcale of half-tangents, from the braſs center 
pin (at the beginning of it) which will ſhew how many degrees jt is: Or. 

2. Take CF, and lay it on the ſcale of half-tangents, from god. backwards, 
counting 80d. to be 10, and 70 to be 20, &c. which will ſhew how many degrees 


CF is, 
F 3 wy _ Caſe 


in 
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Caſe 3. To meaſure any Part of an Oblique Circle. 


The Rule. 1. Find the pole of the given oblique circle, by (110.) 

2. Lay a ſcale on the ſaid pole, and the part defired to be meaſured, and reduce? 
it to the primitive circle. p 

8: Being thus reduced to the primitive circle, it is meaſured on the ſcale or 

chords, as before in caſe 1. of this problem. 


EXAMPLE. Fig. (115.) 
CDE the primitive I: A 
FD an oli ue 3 me 
To meaſure BI, and FI, on the oblique circle BIF is required? 
4. Find G the pole of the oblique circle BIFD, by (110.) 
2. Lay a ſcale on G and I, to cut the primitive circle in H. 
3. Then EH meaſured on the ſcale of chords is the meaſure of FI; and BH on 
the ſame ſcale of chords is the meaſure of BI. 


117. To meaſure any Spheric Angle. 
| In this Problem are four Caſes ; and this, 

A General Rule. A ſpheric angle is meaſured by the arc of a great circle, 
intercepted between the two containing ſides, at 90 degrees diſtance from the 
angular point: Or the diſtance of the poles of the containing ſides, is equal to the 
meaſure of the contained angle. | 


Tui 1. To meaſure an Angle, when its Angular Point is the Center 
Lt of the Primitive Circle. 

The Rule. Such an angle is meaſured (like a plane angle) on the primitive 
circle, by a ſcale of chords. 

g 1 EXAMPLE. Fig. (111.) 

BCDE the primitive circle, A its center, and the angular point given; to 
meaſure the angle BAH is required ? | 

Take BH, and meaſure jt on the ſcale of chords, ſhews how much it is. 


| Caſe 2. To meaſure an Angle, when its Angular Point is at the 
Primitive Circle. : 
The Rule. 1. Find the poles of the two containing ſides, by (110.) 
2. The diſtance of theſe poles, is meaſure of the required angle. 

Note 1. When the two poles are in one diameter, or right circle, it is meaſured 
on the ſcale of half-tangents. 

2. When they are not in one diameter, then reduce them to the primitive circle, 
by laying 2 ſcale on the angular point, and the ſaid two poles, which diſtance 
being meaſured, on the ſcale of chords, is the meaſure of the required angle. 


| P 
585 2 a Circle, and A } its center given 
To meaſure the angle EDF, equal to the angle EBF 1s required. 
1. Through A and y, draw a diameter to cut the primitive circle in H and J, 
and the oblique circle in . | 
2. In the diameter IAH, find K, the pole of the oblique circle BGFD. 

3. The diſtance AK, or GI, meaſured on the ſcale of half-tangents, (the 
later the contrary way on that ſcale from 90d.) ſheweth how much the angle EDF, 
| or EBF is. | 5a Cab 


its center given ? 


* R — 


O! 


E 
e 
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Caſe 3. To meaſure an Angle when its Angular Point is not the Center | 


of, nor at the Primitive Circle. 


The Rule is thus; 1. Find the two poles of the two containing ſides, by (110.) 

2. Reduce thoſe two poles to the primitive circle, then meaſure the diftance of 
them on a ſcale of chords, and *tis done. | 

Note, Reduce, is to lay a ſcale on the angular point (required to be meaſured) 
and the ſaid two poles, to cut the primitive circle, | 


| FP. & A Mt Lb © 

Let BCDE be the primitive circle, A its center, 17. 
BG FD the oblique, y its center; and CAFE a right 1 | 
circle cutting the oblique in F. | 

To meaſure the angles DFE acute, and BFE obtuſe, 
is required? 

1. Through A and y, draw the diameter IAH. and 
in it find K the pole of the oblique circle BGFD, as 
before. | 

2. Find L the pole of the right circle CAFE, by 
(110) Caſe 2d. 888 

3. Reduce K to cut the primitive circle by laying a 
ſcale on F and K, to cut the primitive circle in M, then L M meaſured on the 
chords, ſhews how much the angle DFE, or BFE, is; one being the ſupplement 
of the other. 


Caſe 4. To meaſure an Angle when the containing Sides are both ] : 
Oblique Circles. 


BCDE the primitive I A 
CHFE an oblique cue and ö y (in center given 
BGED an oblique x 
To meaſure the angle DFE, or BFE is required? 
1. By A and y; and A and x, draw two 
diameters; in them find I and K, the two 
poles of the containing ſides, by (110.) 

2. Reduce thoſe two poles I and K, (by 
laying a ſcale on the angular point F, to cut 
the primitive circle in L and M ;) which being 
mealured on the chords, ſheweth how much 
the angle DFE, or BFE, is; one acute, the 
other obtuſe, and ſupplements of each other. 


6 
118, To draw a parallel Circle. 


Definition. A leſſer circle of the ſphere cutteth it into two unequal parts, and - 
when parallel to a given great circle, 1s called a parallel circle. 


In this problem are three caſes. 


Caſe 1. To draw a Circle parallel to the primitive Circle, at any | 
given Diſtance from it, or from its Pole. 


The Rule. With the half-tangent of its diſtance from the pole, and one foot 
on the center of the primitive circle, draw a circle, and it is done. 
1 „ | > 
; the primitive circle, A its center given, to draw a circle parallel t 
BCDE, at zod. diſtance from it is required. ? oy 


F 4 With 


— 
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Wich the half-tangent of 60d. (the complement of zod.) and its diflance from 
the pole of the primitive circle, ſet one Hot in A (the center, and pole of the 
primitive circle) and deſcribe the circle tm n o, which is parallel as required. 


The Rule. 


To draw a Circle parallel to a right Circle. 
1. From the chords lay the parallels diſtance from the right circle, 


or the complement thereof, from one of the poles of the right circle, both ways, 


and note 


eſe two marks on the primitive circle. 


2. With the tangent, of the parallels diſtance from the pole of the right circle, 


and one foot on each of thoſe two marks, deſcribe arches to cut each other in the 


center of the parallel circle required to be drawn. 


TT 


* BCDE the primitive circle, and A its center ? 
- BAD is a right circle 


8 given; 


ö To draw a Circle parallel to BAD, at 40d. diſtant from it, or 50d, 


Find the 
Ats diſtance 


Diſtance from E, its Pole required. 


1. Lay 40d. from B to P, and from D to q; or 
lay its complement god. from C, one of the poles 
of the right circle both ways to the ſaid P and q. 

With the tangent of pod. and one foot on P, make 
the arc y, then with the ſame opening od the com- 
paſſes croſs it from q, the point of interſection at y, 
is the center of the parallel circle P r q, required 
to be drawn. 


Caſe 3. To draw a Circle parallel 70 an oblique Circle. 


e of the oblique circle, and from the ſcale of half-tangents meaſure 
the center of the primitive. Take the ſum and difference, of the 


© complement of the diftance between the parallel circles, and the diſtance above 
found; which ſum, and difference, laid both ways from the center of the primitive, 
as in the example, will be the diameter of the parallel circle. 


It is 


N 
required to draw a circle parallel to the oblique circle EFD at 36 degrees 


- diſtance from it, or (the complement) 5 4 degrees diſ. ant from its pole. 


on &f 


Find the pole K of the oblique circle EFD by 
(110) and its diſtance from A the center of the 
primitive will be 42 degrees by (116). Then 42 
added to 54 gives 96 degrees the diſtance to be laid 
from A to S from the half-tangents ; and 42 ſub- 
tracted from 54 gives 12 degrees the diſtance to be 
laid from A to T from the half-tangents : Biſect 
TS in L, the center of the circle TOI parallel to 


the oblique circle EFD, 36 degrees diſtant from it. 


The 
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The Uſe of the nine preceding Problems, in making any Spheric 
Triangle, and meaſuring its Parts, or the Doctrine of Spheric 
Triangles. | 

Definition 1. Sphere, or globe, is a round body made by the moving a 

A — about its own diameter, till the motion ends where 
it firſt began: The ſemi-circle's diameter is the axis or diameter of the ſphere; 
in the middle of which is a point called the center, from whence all right lines 
drawn to the ſurface, or outſide of the ſphere, are equal. 

2. A ſpheric triangle, is deſcribed on the ſurface of the ſphere, whoſe ſides are 
the arcs of three great circles mutually interſecting each other; and is either 
quadrantal, rectangular, or oblique-angular. | 

3. Aquadrantal triangle hath one fide a quadrant, or go degrees. 

A rectangular triangle hath one angle a quadrant, or go degrees. 

An oblique triangle hath no ſide or angle, go degrees. 

Note 1. In every ſpheric triangle each fide is leſs than a ſemi- circle, or 180 


| degrees. 


2. The ſum of any two ſides is greater than the third ſide. 
3. The E ſides added together, their ſum is leſs than 360 degrees. 1 
4. The ſum of the three angles is ever more than two right angles, or 180d. but 


always leſs than ſix right, or 540 degrees. 


119. The Hypothenuſe, and one Leg given, to make a Rectangular 


Spheric Triangle. | 
Note, To make a reQangle ſpheric triangle two things (beſides the right-angle) 
muſt be given. . 


EE X A MPF LE 


Hypothenuſe AC 54d. 25m. Ig; 
The Leg BO - - - 23d. 29m. | given, 

With them to make a rectangular ſpheric triangle 1s required ? 

1, Draw the primitive circle with the chord of 60d. or fine of god. or with 2 
half-tangent of god. and quarter it, which muſt be done in every problem. 

Then conſider whether one of the oblique angles ſhall be at the primitive circle, 
or at its center. | 

Firſt, If at the center of the primitive circle, then 

1. Draw by (118)'a circle parallel to the primitive, at 119, 
54d. 25m. (the given hypothenuſe) diſtant from its pole: 5 - 
that is, with the half-tangent of 54d. 25m. and one foot "3 onto 
on A (the center of the primitive circle) deſcribe a circle. 6 

2. Then by (118) 4 a circle parallel to a right f 
circle, at 23d. 29m. the (given leg) diſtant from it; theſe |*.._ * 
two parallel ctrcles cut each other in C. ; 

3- Through A and C draw a great circle, which in 
this caſe is a right circle, that is a diameter; and from 
C by (114) draw a great circle, perpendicular, or at 
right angles to AB, which in this caſe will be an oblique 
circle, and it is done. | | 

Or, | | 2 

Secondly, To make the triangles ſo that one of its oblique angles may be at 
the primitive circle. | . 

1. The cirele being deſcribed, and quartered as before directed; then, 

2. 
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2. Draw by (118) a circle parallel to a right circle, 
at 54d. 25m. diſtant from A its pole. | 

3. And by the aforeſaid problem draw a circle paralle 
to tne primitive circle, at 23d. 29m. diſtant from it, that 
is, take 66d, 31m: from the ſcale of half-tangents, and 
with one foot on the center draw a circle, to cut the 
former parallel circle in C. | 

4. Then through A and C draw a great circle, which 
in this caſe will be an oblique circle; and from C, by 
(114) draw a great circle perpendicular to A B ; which 
in this caſe will be a right circle, and it is done. 


To meaſure the Things required. 


The leg AB is meaſured by (116); and the angles BAC and ACB by (117); 
and fo are all the legs and angles in the following examples. 


120. The Hypothenuſe, and one Angle given, to make a Triangle. 


F 
{ Hypothenuſe AC 54d. 28m. I.: 
The | Angle BAC - _ ow. n 
ith them to make a rectangular ſpheric triangle, is required. 

Firſt. To make the triangle, that the given angle BAC may be at the center 
of the primitive circle. 
120, 1. Having deſcribed that circle, and quartered it, a 

before directed, make the angle BAC equal to 29d. 
Zoom. by (111) that is, from the ſcale of chords, lay 
29d. 3om. on the primitive circle, and therefrom draw a 
line through A, the center of the primitive circle. 
2. Make AC equal 54d. 25m. S (115) that is, from 
the ſcale of half-tangents, lay 54d. 25m. from A to C. 
3. By (114) draw a great circle through C, perpen- 
dicular to A B, to cut the right circle A B in B; which 
| | in this caſe is an oblique circle, and it is done. 
121. A Leg, and its adjacent Angle given, to make a Triangle. 
FFV 
Leg ABZ od. 30m. I: 
| The) Angle BAC - ory 3 | given; 
With them to make a rectangle 3 triangle is required. 
: To make the triangle, that the given angle (BAC) 
may be at the primitive circle's center. 

1. The primitive circle being deſcribed, and quartered 
as before, and A placed at its center ; then by (111) 
make the angle BAC equal to 29d. 3om. by drawing the 
right circle AC. 

2. By (115) make AB equal to 50d. 3om. that is, from 
the ſcale of half-tangents, lay 5od. 3om. on the right 
circle from A to B. 

3. By (114) draw through B an oblique circle BC, 
* to the right circle AB, to cut the right circle AC in C, and it is 
ne. | x | 


— 


—  - © 
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122. AM Leg, and its oppoſite Angle given, to make à Triangle. 
os EA 3 


_ [Leg RC + -- $36; 20m. 1 
The Augie BAC - 2 zom. | given; 
With them to make a rectangular ſpheric triangle is required. 

To make the triangle, with the given angle at the primitive circle. 

1. A being at the primitive circle, by (111) make the 122. & 
angle BAC equal to 29d. zom. by drawing the oblique 
circle AC, with the ſecant thereof. 

2. By (118) draw a leſs circle parallel to the primitive 
circle AB at 23d. 2gm. diſtance from it, to cut the 
oblique one AC in C: Or thus, with the half-tangent of 
66d. 31m. (the complement of 23d. 29m.) and one foot 
in the center of the primitive circle, with the other cut 
the oblique circle in C. Sis 


3- From C by (114) draw a right circle BC, perpendicular to the primitive 
circle AB, to AB in B, and it 1s done. | 


123. Both Legs given, to make a Spheric Triangle. 
E XA * . i 
AB 50d. 30m. I.: 
The Leg | BC _—_ 20m. þ given; | 

With them to make a rectangular ſpheric triangle is required. | 

To make the triangle, that one of the oblique angles may be at the primitive 
circle. 

1. By (115) make AB equal to 50d. 30m. by laying the chord thereof on the 
primitive circle from A to B. 

2. From B, by (114) draw a great circle perpendicular 12.3, A. 
to the primitive circle, which in this caſe is a right circle, 
as BC. . 

3. Draw, by (118) a leſs circle, parallel to the primitive ü a 
circle AB, 23d. 20m. diſtant from it, to cut the right circle 5 *gg Hoe 
BC in C: Or thus, e, E 

From the ſcale of half. tangents, lay 664 31m. (the * * RX 
complement of 23d. 29m.) from the center of the primi- Y by: 
ave circle, on the right circle to C. * 

4. Through A and C draw a great circle, which in this 6 
caſe is an oblique one, and it is done. 
124. Both the Angles FR to make a right Spheric Triangle. 

| * | | 
\ | BAC 299. zom. 1 
| The angle { 408 71d, — | given; 

With them to make a rectangle ſpheric triangle is required. 

1. By (111) make the angle BAC equal to 29d. 3om. 144. 
by drawing the oblique circle AB, with the ſecant thereof. 

2. Find I, the pole of the oblique circle AB, by (110.) 

3. Through I, by (112) draw an oblique circle IBC, 
that the angle ACB _ be 71d. 56m. which will cut the 
oblique circle AB in B, and the primitive circle in C, 
and fo complete the rectangle ſphenc triangle ABC, re- 
quired to be made, [4 

Thus, all the caſes of rectangular ſpheric triangles may 
deſcribed, and reſolved by the laſt ſiæ problems: In like 
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manner, the caſes of oblique ſpheric triangles may be geometrically ſolved by the 
fix following problems. 


I25. Two Sides, and an Angle oppofite given, to make an Oblig Ml 2. 
Spheric Triangle. and A 
Note, To make an oblique ſpheric triangle, three things muſt be given. | (115 1 
Note alſo, The angle oppoſite to the other given ſide ought to be foreknown, ze 


whether acute or obtuſe ; otherwiſe two ſeveral triangles may be made from the done. 


ſame given things. 
EXAMPLE. 
Side - AC 34d. ym. 
The Side - AD 65d. am, given 128, 
| Angle - ADC 27d. zom. 
With _ to make a ſpheric triangle (ſo that the angle ACD may be obtuſe) 
15 Uired. 
the primitive circle, make AD (the given ſide 125. A 
joining to the given angle) equal to 65d 2om. by (115.) 
2. By (111) make the angle ADC equal to 27d. zom. 
by drawing the oblique circle DC with the ſecant thereof. D Wit 
3. Draw by (118) a parallel circle at 34d. m. diſtance quired 
from A, to cut the oblique circle DC in C. 1. 
4. Through A and C draw a great circle, and it is done. ; 28m. 
de angles CAD and ACD, and fide CD, are mea - * 2. 
fured by (116) and (117) as before taught. 7 | 9 3 
I” make 
the ob 


126. Tivo Angles, and one Side oppoſite given, to make an Oblique 
Spheric Triangle. - 
EXAMPLE. 
Angle CAD zod. 48m. 
The J Angle ADC 27d. 3om. f given 
| Side CD - 38d. 28m | 
Wich them to make an oblique ſpheric triangle, ſo that the fide AC may be 
leſs than a quadrant, or god. is required. 
1. By (111) make the angle ADC equal to 27d. zom. 3926, A 
(always the angle joining to the given fide) by drawing 
the oblique circle DC with the ſecant of it. 3 
2. Draw by (118) a parallel circle at 38d. 28d. diſ- M M 
tance from D, to cut the oblique circle DC in C of 
3» Then through C, by (112) draw a great circle to . > 
make an angle at the primitive circle, that may be equal 
to 30d. 48m. as is the oblique circle CA, and it is done. 
ote, In theſe two laſt problems the three given things, 
without the quality of a fourth, are not ſufficient to de- 8 
termine the triangle; and the quality of a fourth is not | 
always diſcoverable by the given things ; therefore they are called doubtful caſes, 


127. Two Sides, and ene Angle between them given, ts make an 


3. 
Ob lique Spheric Triangle. gl 
EXAMPLE. 5 th 
Side 3 AC 3 id, 6m. | in th 
They Side - AD 65d. 2om. þ given; 
Angle < CAD zod. 46m. 


93 With 
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With'them to make an oblique ſpheric triangle is —_— | 
1. By (111) make the angle CAD equal to 3od. 46m. 147. A 
by drawing the oblique circle AD with the ſecant thereof. C 
2. Make AC (on the primitive circle) equal to 34d. 6m. 
and AD (on the oblique circle) equal to 65d. 20m. by 


So” 


i Frhrongh C and D draw a great circle, and it is SNARES 
done. | 
- 


* 0 
- . 


128, Two Angles, and one Side between them given, to make an 
Oblique Spheric Triangle. 8 55 
) EXAMPLE. 
Angle ACD 131d. 34m.) 
The Angle ADC 27d. 30m. given; 
Side CD 38d. 28m. 
With them to make an oblique ſpheric triangle is re- 128. 


ured, | — N. 

; 1. On the primitive circle, make CD equal to 38d. N. 

28m. the given fide, by (115.) D 1 
2. At D, by (111) make the angle ADC equal to 

27d. 3om. by drawing the oblique circle DA; and at C 

make the angle ACD equal to 131d. 34m. by drawing 

the oblique circle AC, and it is done. 


129. Three Sides given, to make an Oblique Spheric Triangle. 
EXAMPLE. ; 
AD 65d. zcm. 
The Side g CD 38d. 26m. given; 
AC 34d. 8m. 
With them to make an oblique ſpheric triangle is required. 
8 25 the primitive circle make AD equal to 65d. zom. (the greater given 
de) 115. | | 
5 3 80 18) a parallel circle at 34d. 8m. diſtance from A; and likewiſe 
another at 38d. 26m. diſtance from D, to cut each other in C. 
3. Through A and C, and alſo D and C, draw great circles, which will form 
the ſpheric triangle required. | 
| To meaſure the things required, 
1. Find, by (110) the pole of the three ſides of the 129. 


triangle ACD; that is, E the pole of AD, F the pole of FL 7 
ee . 


AC, and G the pole of CD. 

2. Through F and G draw a great circle, of which the © 

N point C is its pole, and, you will form the triangle 

1 3. The fides of the triangle EFG are equal to the 
angles of the triangle ACD; and the angles of the firſt 

re equal to the fides of the latter, only the greater angle 


in the one, is equal to the ſupplement of the greater fide 
u the other. : | 


„ THE AFFECTIONS OF SPHFRIC TRIANGLES. 
That is, the fide-EF is equal to the angle CAD, the fide EG is equal to th, 
angle ADC, and the fide FG is equal to the ſapplementto 180d. ofthe angle AC); 


130. Three Angles given, to make an Oblique Spheric Triangle. 

v2 | EXAMPLE. h | 
CAD 131d. 34m. 
The angle ACD 3od — given; 

| | ADC 27d. zom. 
With them to make an oblique ſpheric triangle, is required. 
1. Suppoſe a triangle EFG, whoſe ſides are equal to the 130. ** 
angles of the triangle ADC; that is, the ſide EP equal to 
48d. 26m. the ſupplement to 180d. of the angle ACD © 
equal to 131d. 34m. and the fide EG equal to the angle 97 
ACD zod. 45m. and the fide FG equal to the angle ADC f : 
27d. zom. : 

2. Then conſtrud the triangle EFG with the ſides EF, 
EG and FG, as in (129.) | | 

3. Find, by (110) the poles of the three ſides of the 
triangle EFG : that is, A the pole of EF, C the pole of 
EG, and D the pole of FG. | 

4. Through C and D draw a great circle, of which the angular point G is it 
pole, which will form the triangle ACD required to be made. 

Thus much I thought neceſſary as preparative to ſpheric triponometry by calcu- 
lation, that the learner might know how to make or conſtruct, and meaſure 2 
ſpheric triangle, or any of its parts; a thing not well underſtood by many who 


pretend to be teachers, to the great diſadvantage of the ingenious ſcholar. 
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131. Of the Affections, cr Natural Properties of Spheric Triangles, 
HE S E affections are carefully to be minded, in order to the underſtanding 
of what may be given, or required in a ſpheric triangle; and having already 
given you (109) the ſeveral definitions of a ſphere, and the circles of it, with 
the kinds of triangles relative thereto, which 7 will not here repeat, I paſs on to 
the affeQtions of ſpheric triangles, as follow: 
1. Every fide of a ſpheric triangle is an arc of a great circle, and is leſs than 
a ſemi-circle. 
2. Every great circle divides the ſphere or globe into two equal parts, called 
hemiſpheres. | | 

3- Any two great circles cutting each other, the angles which are oppoſite and 

eontrary, are equal to one another. 

4. The ſam of any two ſides of a triangle is greater than the third ſide. 
The ſum of the three fides of a ſpheric triangle is leſs than 360 degrees, 
the ſum of the three angles is leſs 540 degrees, but more than 180 degrees. 

6. The Sum of any two ſides is leis than the difference between the third fide 

and 180d. But | | 

The Sum of any two angles is more than the difference between the third 

angle and 180d. x 
7. In a rectangular triangle, the legs and the oppoſite angles are of the ſame 
affection; that is, if a leg be more, or Teſs than a quadrant, its oppoſite angle is 
likewiſe more, or leis thin a right angle. 
8. In a rectangular triangle, if one leg be a quadrant, the hypothenuſe will be 
E rant; but if both legs be of the {: me affect on, the hypothenuſe is leſs than 
a quadrant ; if of different, tis more; and on tie contrary, if each of the 25 
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be leſs, or more than god, the hypothenuſe is leſs than god. But if one leg be 
more than god. and the other leſs, the hypothenuſe is more than god. 
9. If the hypothenule be leſs than god. one leg, and its oppoſite angle, will be 
leſs than god. the other may, or may not. : 
If the hypothenuſe be more than god. one leg, and its oppoſite angle, will be 


| more, and the other leſs than go degrees. 


10. If both angles at the hypothenuſe are acute, or obtuſe, the hypothenuſe is 
leſs than a quadrant ; but if one be acute, and the other obtuſe, the hypothenuſe 
is more than a quadrant. | 

11. In every triangle the greateſt ſides are oppoſite to the greateſt angles, and 
equal ſides to equal angles. 

12. In every oblique triangle, if two acute angles be equal, the oppoſite ſides 
will be equal, and leſs than quadrants. The ſame, if there be two equal obtuſe 
angles, but then the oppoſite ſides will be greater than quadrants. — 

13. If two acute angles are unequal, the ſide oppoſite to the leſs angle will be 
leſs than a quadrant. If two obtuſe angles are unequal, the ſide oppoſite to the 
greater angle will be more than a quadrant. 

14. All the angles acute, each ſide is leſs than a quadrant. 3 

Theſe things being premiſed, their ſolution followeth; and firſt of rectangular 


ſpheric triangles, in which are 16 caſes, and then oblique-angled ſpheric triangles, 


in which are only 12 caſes. 


132. The Solution of the Sixteen Caſes of Rectangular Spheric 
Triangles, by Lord Napier's Catholic Propoſition, _.. 
1. FN a rectangular triangle there are, beſides the right angle, five things which 
I the lord Napier calleth the five circular parts of a ſpheric triangle, among 
which, the right-angle not being reckoned, the two legs are ſuppoſed to join together. 
2. Any one of theſe<five circular parts may be a middle part, and then the tuo 
circular parts, which are next to that middle part, are the extremes conjunct; and 
the other two circular parts remote from the middle part, are th? extremes disjunct. 
2. In every caſe, two of the aforeſaid five circular parts are always given, to find 
third; of theſe three things (two given and one required) one is middle part, and 
the other two are extremes, either conjunct or disjunct. | 
The parts of a rectangular triangle being thus diſtinguiſhed, obſerve the 
utiverſal propoſition following. | 


The ſine of the middle part and radius are reciprocally proportional with che 


tangents of the extremes conjunct, and with the fine complements of the extremes 
disjunct: That is, | 
1. For Extremes Conjunct, thus; 4 
As the radius is to the tangent of one extreme, ſo is the tangent of the other, to 
the fine of the middle part : And | 
2. For Extremes Disjunct, thus; 
As the radius is to the ſine complement of one extreme, ſo is the ſine complement 
of the other, to the fine of the middle part: Therefore, | | 
Note, When the middle part is to be found, radius is to be the firſt term in the 
proportion, as above; but if either of the extremes be required, the other extreme 
mult be the firſt term: That is, ; | 
3. For Extremes Conjunct, thus; 


As the tangent of the given extreme is to the radius, ſo is the ſine of the middle 


part, to the ſine complement of che required extreme: And, 
. For extremes Disjunct, thus; 
As the ſine complement of the given extreme is to the radius, ſo is the ſine of 
tie middle part to the fine complement of the required extreme : But, 
Note 1. That if the middle part, or either of the extremes conjun@ be the 


hypothenuſe, 
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kypothenuſe, or either of the obliqe angles; inſtead of fine, and of tangent, you 
malt aſe fine complement, and tangent complement, 7 vid 


| 4 
| 133. C af 
R: 
4\ FT 
| 1 
— 3 5 
"wii 
N — — . | 6 . B( 
1133- ATable of all the Varieties of Extremes Conjunct and Disjunct. M 
_ —— . 
Number Middle Part Extreme Cenjunct. Extreme Disjunct. 
1 1 Tang. — BC | Se — ACB | 
_— 7 — Tang. c. — BAC | Sine — AC Bc 
"a * = „ eee an 
| : bi Tang. c. — AC | Sine c, — BC 
| 2 Sine e. BAC Tang. AB | Sine — ACB of 
„Tang. c,—BAC | Sine Rr BO” 
TS AC | Tag c.— ACE |Skrc—. AB 1 
| : Tang. c, — AC | Sine _— BAC 
4 Sine c. ACB | Tang. —— BC | Sicec.—— AB 
| — — — — — | 
: » | Tang, —— AB | Sine — BAC 
ſs | vine a | Tang. e. —ACB | Sine — AC 
2. If either en eee disjunct be the hy pothenuſe, or either of the oblique 
angles, inſtead of fine complement, you mult uſe the ſine. 
And for the caſier underſtanding theſe directions, obſerve the foregoing table, 
E wherein are p!:.ced the 5 circular parts of a rectangular ſpheric triangle, under 
| their reſpective titles, whether they may be taken for the middle part, or for ex- 
tremes, either conjunct or disjunct; and unto thoſe parts are prefixed, ſine, fine | 
| complement, tangent, and tangent complement, as they ought to be, and are be; 
> uſed in the caſes following. | . Ss 
134. Caſe 1, 2, and 3. The Hypothenuſe, and one Leg piven, the 
1. Angle adjacent I. the at. 
To find J 2. & the 4 Angle oppoſite j ne Swen leg. 

3. Other leg. 2 
| EXAMPLE. Wc 
Ip the rectangular ſpheric triangle ABC (119) chere is given, 55 

The { Tg. AC 54d. 25m. | ACB, BAC EI J 
Leg. BC 23d. 29m. ſand AB — 1 by þ 
The angle AGB is the middle part, and the fides AC and BC extremes conjunQ. I 


1. For 


9 „ 


T. 23d. 29m. : : T. 35d. 35m. . S. 18d. 7m. which ſubtract from god. reſt 


SPHERIC  TRIGONOMETRY RECTANGULAR: gp } 


1. For the contained angle ACB, or angle adjacent to the given leg, the 
roportion is; 6 | 
As the radius is to the tangent of the given leg, ſo is the tangent complement 
of the hypothenuſe to the ſine complement of the adjacent angle required. Or thus, 
Radius +» T. leg. BC: : T. c. Hypot. AC . S. c. angle ACB. That is, T. 45d. 


7id. 5 zm. for the angle ACB. > 
As radius - - - - 10, oooooo 
Is to T. 23d. 29m. - - - - - - - - 9,637956 
Sois T. c. 54d. 2gm. - - - - - 9,8546503 


To S. c. 18d. 7m.=71d. 53m. - - - - 9492559 
2. For the angle BAC oppoſite to the given * the proportion is thus; for 
BC is the middle part, and AC, and the angle BAC, extremes disjunct; that 
is, they are disjoined from the middle part by the angle AC B. 3 
As ha ſine of the hypothenuſe is to radius, fo is the ſine of the given leg to the 
fine of its oppoſite angle : Or thus, 
S. hypot. AC.. Radius: : S. leg. BC. S. angle BAC. 
S. 54d. _— 8. god. : : S. 23d. 29m. . Sine 29d. 2om, j 
3. For the leg AB, the proportion is thus; for AC is the middle part, and 
BC and AB extremes disjunct, becauſe disjoined from the middle part by the 
angle ACB. | | 
As the ſine complement of the given leg is to radius, ſo is the fine complement 
of the hypothenuſe to the ſine complement of the required leg : Or thus, wo 
S. c. leg BC. Radius: : S. c. hyp. AC. . S. c. leg AB. 
S. 66d. 31m. . 8. god. : : S. 35d. 35m, ++ S. 39d. 23m. 
which ſubtract from god. reſteth pod. 37m. for the leg AB required, 
As S. c. 23d. 2gm. - - - - - 9,962453 
Is to radius - - = =- - = = 10,000000 
So is S. c. 54d. 25m. - - - 9.764838 


To S. c. 39d. 23m. =50d. 37m. = 9.802385 : 
133. Caſe 4, 5 and 6. The Hypothenuſe, and one Angle given. 


I. Leg oppolite , 
To find . 5 the ö Log — — þto the given angle 5 
3. other angle. | 
: ES © | 
In the rectangular ſpheric triangle ABC (120) there is 
"Rs 1 AC 54d. 25m. I Leg BC, AB, and 
Swen; J Angle BAC 29d. zom. | Angle ACB required, | 
1. For the leg BC oppoſite to the given angle, the proportion is thus; BC 
being the middle part, and BAC and AC disjuncts. 
As radius is to the ſine of the hypothenuſe, ſo is the {ſine of the given angle to 
the ſine of its oppoſite leg required : Or thus, : 3 
Radius . S. hypot. AC : : S. angle BAC. S. leg. BC 
S. god. . S. 54d. 25m. : : S. 29d. 3om. . S. 23d. 36m. 
2. For the leg AB, adjacent to given angle, the proportion is this; BAC the 
middle part, AC and AB the conjuncts. | 
As the tangent complement of the hypothenuſe is to radius, fo is the fine coma 
plement of the given angle to the tangent of the adjacent leg: Or, 
As radius is to the fine complement of the given angle, fo is the tangent of the 
hy pothenuſe to the tangent of the leg required: That is, | 


. ' 
» 1 7 
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* 
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 Radius+-S. c. BAC: : T. hypoth. AC -- T. leg AB. 

8. _ S. God. zom. : : T. 54d. 25m. + T. god. 34m. ; 

„ For the angle ACB, the proportion is this, AC being the middle part, 

&& and ACB conjuncts. 8 ; 5 

As the tangent complement of the given angle is to radius, ſo is the ſine com- 
ent of the hy uſe to the tangent complement of the other angle: That is, 

T. c. BAC. Radius : : S. c. hypoth. AC T. c. ACB. | 


T. God. 3om. . S. god. : : S. 35d. 35m. . T. 18d. 30m. 
Its complement 71d. 47m. is the angle ACB. 


136. Caſe 7, 8, 9. A Leg, and its adjacent Angle given. 


1. Leg . Angle. 
To and 2. the 5 Angle | oppoſite to the gun { Lo 
13. Hypothenuſe. 
EXAMPLE. 
In the rectangle triangle ABC (121) right-angled at B, there is, 
a Leg — AB god. zom. . BC, angle AC B. 
9 8 BAC 29d zom. S and hypoth. AC required. 

1. For the leg BC oppoſite to the given angle, the proportion is, AB the 
middle Loy the other conj uncts. 

As tangent complement of the given angle is to the radius, ſo is the fine 
of its adjacent leg to the tangent of its oppoſite leg required : Or thus ; 

As the radius is to the ſine of the given leg, ſo is the tangent of its adjacent 
8 the tangent of its oppoſite leg; That is, 

ius ++ S. leg AB: : T. angle BAC . T. leg BC. 

8. 4 „S. god. 3om. : : T. 29d. 3om. to T. 23d. 35m. 
2. For the angle AC B, oppoſite to the given leg, the proportion is; ACB the 

middle part, the others disjuncts. 
As radius is to the fine complement of the given leg, fo is the ſine of its adja- 
dent angle to the {ine complement of its oppoſite angle required: That is, 

Radius -- S. c. leg AB: : S. angle BAC. S. c. angle ACB, 

8. god. -- S. 39d. 3om. : : S. 29d. 30m. . S. 18d. 15m. 
whoſe complement 71d 45m. is the angle ACB. 

3. For the hypothenuſe, the proportion is; | 

As the tangent of the given leg is to the radius, fo is the fine complement of 
* adjacent angle to the tangent complement of the required hypothenuſe: Or 

us, 2 

As the radius is to the ſine complement of the given angle, fo is the tangent 
amen} of its adjacent leg to the tangent complement of the hypothenuſe: 

t 18, ; 

Radius -- S. c. angle BAC: : T. c. leg AB. T. c. hyp. AC. 
S8. god. -- S. 60d. 3om. : : T. 39d. 30m. T. 35d. 4om, © 
E whoſe complement 54d. 2om. is the hypothenuſe AC. 


137. Caſe 10, 11, 12. J Leg, and its oppoſite Angle given. 


1 | ht © TY JE EET . Angle. 
| To fd 2. Auge f diocent to the given ¶ Leg. 
$ 3. j Hypothenuſle. 

EXAMPLE. 


+ - In the re&anglar ſpheric triangle ABC (122) there is, 
pct) Leg — BC 23d. 2gm. 2 Leg AB, angle ACB, and 

81 Angle BAC 29d. 30m. 5 Hypothenuſe AC required. 

1. For the leg AB, adjacent to the given angle, the proportion is this; 


A radius is to the tangent of the given leg, fo is the tangent complement of 


; the-oppolite angle to the ſine of the other leg required: That is 


Radius 


3 
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Radius . T. leg BC : : T. c. angle BAC . S. leg AB. 

T. 45d -» T. 23d. 29m. : : T. 60d. 30m. 8. 50d. tom. 

2. For the angle ACB, adjacent to the given leg, the proportion is this ; 

As the fine complement of the given leg is to the radius, ſo is the fine comple - 

a ment of its oppoſite angle to the ſine of its adjacent angle: That is, | 

: S. c. leg FC... Radius: : S. c. angle BAC . S. angle ACB. 
S. 66d. 31m. . S. god. : : S. 6od. 30m. . S. 71d. 37m. | 
3. For the hypothenuſe AC, the proportion 1s this ; 4 
As the fine of the given angle is to the radius, ſo is the ſine of its oppoſite leg 

to the ſine of the hypothenuſe required: That is, 7 

S. angle BAC -- Radius : : S. leg BC. S. hypothenuſe AC. | 
S. 29d. zom. «+ S. god. : : S. 23d. 29m. . S. 54d. im. 


138. Caſe 13 and 14. Both the Legs given; to find, 1. Either 
of the Angles. 2. The Eiypothenuſe. | 


EXAMPLE. 
| In the rectangular ſpheric — ABC (12 3) there is, 
i AB pod. 3om. I Angle BAC, and ACB, and 
a given, Legs { BC : 3d. 29m. Hypothenuſe AC required. 


- 
99 2 
3 


1. For either of the angles, the proportion is, 


tangent complement of the angle oppoſite to the firſt leg: Or thus, 
As radius is to the ſine of one leg, ſo is the tangent complement of the other leg 
to the tangent complement of the angle oppoſite to the laſt leg : That is, 
Radius «- S. leg AB: : T. c. leg BC. T. c. angle BAC. 
8. god ++ S. od. 3om.: : T. 66d. 31m. -- T. 60d. 37m. 
whoſe complement 29d. 23m. is the angle BAC. Alſo it is, 
Radius . S. leg BC : : T. c. leg AB. T. c. angle AC B. 
S. god... S. 23d. 2gm. : : T. 39d. 30m... T. 18d. 11m. 
whoſe complement 71d. 49m. is the angle AC B. 
2. For the hypothenuſe, the proportion is thus: 


As the tangent of one leg is to the radius, ſo is the ſine of the other leg to the | l 


As radius is to the fine complement of one leg, ſo is the fine complement of the ; ol = 


other leg to the ſine complement of the hypothenuſe ; that is, 
Radius . S. c. leg AB : : S. c. legBC+-S. c. hypot. AC. 
S. god. +» S. 39d. 3om. : : S. 66d. 3im. . S. 35d. 41m. 
whoſe complement 54d. 19m. is the hypothenuſe AC. 
t 139. Caſe 15 and 16. Both the Obligue Angles given; To find, 
; 1. Either of the Legs. 2. The Hypothenuſe. 
EXAMPLE. 
In the rectangular ſpheric triangle ABC (124) there is given, 
Angle > BAC 29d. zom. J Leg AB, or BC, and 
angle AC; 714. 56m. J Hypothenuſe AC required. 
1. For either of” the legs, the proportion is thus, | 1 
As the fine of one angle is to radius, ſo is the fine complement of the other 
gs to the fine complement of its oppoſite leg: That is, | 
8 


r 


angle BAC. Radius: : S. c. angle ACB . S. c. leg AB. 
29d. 30m. . S. god. : : S. 18d. 4m. . S. 39d. 2m. 
whoſe complement 50d. 58m. is the leg AB ; Allo it is, 
S. angle ACB «Radius : : S. c. angle BAC . S. c. leg BC. 
8. 71d. 56m. . S. god, : : S. 60d. 30m. S. 66d. 17m. 
whoſe complement 23d. 43m. is the leg BC. | 
2. For the hypothenuſe, the proportion 1s thys, 
As Radius is to the tangent complement of one angle, ſo is the tangent comples * 
1 ment of the other angle to the ſine 3 of the hypothenuſe ; That is, 


— „ „ LETS a ” = \ l 
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Radius: T. c. angle BAC : : T. c. angle ACB. . S. c. hyp. AC. 

T. 45d. T. 60d. 3om. : : T. 18d. 4m. . S. 35d. 13m. 
whoſe complement 54d. 47m. is the hy pothenuſe AC. 

Note, In the ſolutions of all ſpherical triangles, particular attention muſt be 
id to the affections (131) to determine whether the ſides or angles be more oi 


s than quadrants, if the data and knowledge of the queſtion does not clear up :« th 

this point, which is generally the caſe. | | A 

; „„ 5 thei! 

140. Four Axioms, by wich the twelve Caſes of Obligue angled dhe. 

| Spheric Triangles are reſobved. 3 

Axiom '] N all ſpheric triangles, the ſines of their ſides are in direct proportion half 

to the fines of their oppoſite angles; that is, 8 

1. As the fine of a fide is to the fine of its oppoſite angle, fo is the ſine of any IF 
other fide to the fine of its oppoſite angle. 

2. As the ſine of an angle is to the fine of its oppoſite ſide, ſo is the ſine of any ide 


other angle to the ſine of its oppoſite ſide. | 814 
Axiom 2. Firſt, As the fine of half the {um of two ſides (containing an angle) 5 
is to the ſine of half their difference: i 
So is the tangent complement of half the eontained angle to the tangent of half Diff 
the difference of the other two angles. | 
| Secondly, As the fine complement of half the ſum of two ſides (containing an 
3 angle) is to the ſine complement of half their difference: | 
| © Sous the tangent complement of half the contained angle to the tangent of half 
the ſum of the other two angles. | 
Axiom 3. Firſt, As the fine of half the ſum of two angles is to the ſine of half 
their difference: 
So is the tangent of half their interjacent fide to the tangent 'of half the differ. 
ence of the other two ſides. 5 
Secondly, As the ſine complement of half the ſum of two angles is to the ſine 
complement of half their difference : 
So is the tangent of half their interjacent ſide to the tangent of half the ſum of 
"the other two ſides. 
Axiom 4. As the rectangle of the fines of the two containing fides is to the 
E, fquare of the radius: 5 
| So is the rectangle of the fine of half the ſum of the three ſides, and of the fin 2 
of the difference between the ſaid half ſum, and the ſide oppoſite the angle to the 3. 
Jquare of the fine complement of half the contained angle ſou ght. | fore] 
The explanation and uſe of theſe four axioms, you will find in the ſolution of the 
following caſes of oblique ſpheric triangles. | 


141. Caſe 1, 2 and 3. J) Sides, and an oppoſite Angle given, A 
to find | 


y. The pg oppoſite to the other fide. bt 
A2. The angle contained between them, if the required 

3. The third V { 4 oppolite angle be A 

. foreknown to be acute or obtuſe. 85 a ang! 

| - TX AMPLE | : 

In the oblique ſpheric triangle ACD (125) there is | 

Side - - AC 34d. 7m. Angle ACD being obtuſe 2 

given E - - AD 65d. 20m. {ang CAD Fs req. A 

— ed. zom. 3 Side----CD - +: --*. 4 half 


1. For the oppoſite angle ACD, the proportion (by axiom 1) is thus: : oy 
As the ſine of the fide AC is to the line of the angle ADC : COT of the of he 
ide AN tothe fine of che angle ACD; that is. 8 
EY « 8. fide 


160 44.1 
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S. fide AC . S. angle ADC : : S. fide AD . S. angle ACD. 
S. 34d. 7m. ++ S. 27d. 3om. : : S. 65d. 20m. -- S. 45d. 25m. 
Which ſubtracted from 180, reſteth 131d. 35m. for the angle ACD, it being 


required to be obtuſe. ; | 


2. For the contained angle CAD, the proportion by (140) axiom 2d and (14) 


is thus; 


As the ſine of half the difference of the ſides AD and AC is to the ſine of half 


their ſum, ſo is the tangent of half the difference of the angles ACD, and ADC to 
the 3 complement of half the angle CAD; and 


For the third ſide CD, the proportion is by (140) axiom 3d and (14) thus; 
As the ſine of half the difference of the angles ACD and ADC is to the fine of 


half their ſam : | 


So is the tangent of half the difference of the ſides AD and AC to the tangent of 


half the ſide CD : that 1s, 


d. m. | d. m. 
Side AD 65.20 Angle ACD 131.35 
| Side AC 34. 7 d. m. [Angle ADC 27.30 d. m. 


Sum is 99.27 , | Dif - 49-43 Sum is - 159. 57 , F Sum 79.32 
Differ. - 31.13 1 * 


Diff. 15.36 Differ. 1s - 104. 5 2 Diff. 52. 2 
8. Z Diff. ſides +- S. half the ſum: : T. £ diff. ang. T. c. 1 CAD. 
8. 15d. 36m. . S. 49d. 43m. : : T. 52d. 2m. T. 74d. 3ym. 


Which ſubtract from — — — god. om. 
Remainder is half the angle CAD — 2 154.23m. 
Which being doubled — — — 15d.23m. 
Produceth the required angle CAD — — 3od. 46m. 


S. Diff. ang. . S. ztheir Sum: : T. I Diff. ſides» T. 20D. 
S. 52d. 2m. ++ 8. 79d. zam. 1 14. 36m. . T. 19d. 1am. 


Which being doubled — — — 19d. 1m. 
Produceth the required ſide CD — — 38d. zam. 
142, Caſe 4, 5, and 6. Two Angles, and one Side oppoſite given; 
to find, C40 


1. The ſide oppoſite to the other angle 


2. The interjacent, or ſide between them if the required oppoſite fide be 
3. The third angle — — — _ 8 
forcknown to be more, or leſs than a quadrant, 
E A A K | — 
In the oblique ſpheric triangle ACD (126) there is given, be 
Angle CAD zod 48m. ] Side——AC leſs than god. 1 
Angle ADC 27d. zom. 189 —508 — — — required 
Side CD 38d. 28m. Angle ACD ww - — ; 


1. For the oppoſite ſide AC, the proportion by Ax. 1. is hu: 


4 


As the ſine of the angle CAD is to the fine of the fide CD, fo is the fin 
angle ADC to the fine of the fide AC ; That is, 1s the ne of the 


9. angle CAD.. S. fide CD : : S. angle ADC. S. fide AC req. - 
d. zod. 48m. . S. 38d. 28m. : : S. 274d. 3om. .. 8. 34d. 7m. — 
2. For the interjacent ſide AD, the proportion by (140) ax. 3d. and (14) is thus 


As the ſine of half the difference of the angles CAD and ADC is to the ſine of 
half their ſum: | | OE 


$0 is the tangent of half the difference of the ſides CD and. r 
of half the ſide 4D. And, Ts; wa _ 
G 3- | F 


3 For 


4 bot * 
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For the thi 3 ACD, the yg (140) axiom ad and (14) is thus. 


” the ſine of the difference of the fi 
half their ſum: 
So is the tangent of half the difference of the angles CAD and ADC by the 


tangent complement of half the angle ACD ; that is, 
d. m 


es CD and AC is to the fine of 


d. m. 
CAD 3o 48 | CD 38 28 
Ang. Abe 27 30 Side AC 34 7 d. m. 


Sum is 58 3 : 8 29. 1 is 72 5s], Sum 36 17 
Difference 3 18 Diff. 1.39!Diff. is 4 21 3 — io 
8. J Diff. ang. S. + their ſum: : T. 2 diff. * T. Z AD 
S. 1d. 39m. . 8: '29d. ns T. zd. 10m. . T. — zd. 37m. 
Which being doubled — — — 32d. 37m. 


Produceth the interjacent ſide AD — — 65d. 14m. 
8.4 di. fides . S. £ their ſum : : T. 2 diff. cngies- T. c. + ACD. 
S.. 2d. 10m. .. S. 36d. 17m. : 0 39m. + T. — 4, _ 


Remaidder i is half the angle Ac? = — — sd. 44m. 5d. 44m. 
Which being doubled — — — — 65d. 44m. 


Produceth the angle ACD to be — — — 131d. 28m. 
Note, In the fix preceding caſes, the three given terms without the quality of 
a fourth, are not ſufficient, whereby one ſingle anſwer may be found; and the 
uality of the fourth, is not always diſcoverable by the given terms ; therefore 
are called the fix doubtful caſes. 


143. Cale 7 and 8. Tuo Sides, and one Angle between them given; 


to. ſind, 
1. Either of the other angles; 
2. The third ſide, or ſide oppoſite to the you ** 
E X A M 
In the oblique ſpheric triangle ACD (127) there is 
Side — AC 34d. 6m. Angle ACD, or 
given I Side — AD 65d. 2om. 8838 ADC, and Ire, 

Angle CAD 3od. 46m. Side CD, is 

For the angle D. or ADC, the _—_— by (140) axiom 2, is thus ; 


- AD 65.20 | Angle CAD 30.46 
side - AC 34.6 — d. m. 
The half is 15.23 74-37 
Sum of fides 99- ee Diets: 151 Comp 40.17 


| Diff 15.37 
Differ. ſides 3 
As S. fum Ab K AC. S. 2 diff.: FT. c. 1 CAD. T. 2 diff. ang. 
As S. 43d. 43m. . S. 15d. 37m.: : T. 74d. 37m. T. 52d. zm. 


or, 
As S. e. Z ſum ſides -. S. c. £ diff.: c. £ CAD -. T. Z ſum, ang. 
As S. 4od. 17m. . S. 74d. 23m. : : T T. 74d. 37m... T. — Jod. 32m. 


To it add the e found above — — 592d. zm. 
| The ſum is the greater angle ACD —  _ --- 131d. 38m. 


And being ſubtracted, is the leſs angle ADC — — 27d. are N 
: 1 0 9 


ET IS of =. 


8, 


SPHERIC TRIGONOMETRY OBLIQUE. 103 


Note, If the ſum of the two con ſides exceed a ſemi-circle, then ſubtract 
each ſide from 180 degrees, and proceed with thoſe remainders as with the ſides 


given ; the proportion produces the ſupplement of the angle — to a ſemicircle, 


For the third fide CD, or fide oppoſite to the given angle, the proportion may 
be made by axtom 1. Or it may be deduced from (132) 1 ſuppoſing a perpen< 
dicular let fall from one end of the leſs given fide, to the greater fide given, 
reducing the oblique triangle into two rectangulars, which finds the fide oppoſite 
to the given angles at two proportions, without finding the angles; and it is thus, 

1. As radius is to the fine complement of the contained angle, ſo is the tangent 
of the leſs given ſide, to the tangent of a fourth arc. 

Then, if the contained angle , acute, ſubtract the fourth arc from the greater 
given ſide, but when it is obtuſe from the ſupplement thereof to a ſemicircle, or 
180 degrees, the remainder is called the reſidual arc: then, 

2. As the ſine complement of the fourth arc is to the ſine complement of the 
reſidual arc : 

So is the ſine complement of the leſs given fide to the ſine complement of the 
ſine required ; that 15, 

As radius -- S. c. angle CAD: A ſide AC . T. fourth arc. 

As S. god. . . S. 5gd 14m. : : S. 34d. 6m «+ T. 30d. 11m. 

Which being ſubtracted from Fe — — 5d. 20m. 


The remainder is the reſidual are — — 35d. gm. 


| N 
As S. c. 4th arc. .. S. c. * 2 S. c. fide AC. . S. e. fide CD. 
As S. 59d. 49m. . S. 54d. 5 . 54m. . S. 51d. 34m. 
whoſe complement 38d. 26m. . whey "fide CD, required. 


Note, When the contained angle and reſidual arc, are each more or leſs than 9e 


degrees, the fide ſought is leſs than a quadrant ; but when one is n and the 


other leſs, tis more than a quadrant. 


144. Ly 9 and 10. Two Angles and one Side n. them given. 
r 38 Either of the other ſides; | 
6 The angle 1 to the given ſide. 
AM FEE. 
In the oblique Dheric triangle ACP, there 15 given 

Angle ACD 131d. 34m. j Side AC, 

The | Angle ADC 27d. zom. Side AD, and ron 
Side CD 38d. 28m. Angle CAD, is 

For the fide AC or wot So the proportion by W axiom 3, is thus; 3 


Angle ACD 131. 34. The ſide CD 38. 29. 
Angle ADC 27.30. | The half is 19.14. 


d. m. 
Sum of angles 169. 4. Sum 79.32 12 
— The z 3 Diff. 52. 2 7 its Com J 37.38 

Difference is 104. 4. 0 | 


As S. £ ſum ang. ++ S. & their diff.: : T. I fide CD.. T. diff. ſides 
As 8. 79d. 32M. .. 8. 52d. 2m. : : T. 19d. 14m. +» T. 15d. 38m. 
Then again, 
2 c. I ſum an. ++ S. c. Z their diff.: J. à fide CD - T. E ſum ſides 
s S. 10d. 28m. -- 8. 37d. 58m. : T. 29d. f T. m. 
To it add half difference found above — Put — 724 * 


The ſum is the greater fide AD —— — — b65d.zzm. 


And ain ſubtracted, is the * fide AC — — 34d. 2mm. 
| e 
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Note, If the ſum of the two given angles exceed 180 degrees, then ſubträct 


each given angle from 180 degrees, _— with thoſe remainders as with 
uce 


the angles given ; the operation will p 
a ſemi-circle, or 180 degrees. 
For the angle CAD, the angle oppoſite to the given ſide, the proportion may 
be by axiom 1. Or from (132) by a perpendicular ſuppoſed to be let fall from 
the greater given angle to its oppoſite fide, thus, 

As radius is to the fine complement of the interjacent fide, ſo is the tangent of 
the - va given angle to the tangent of a fourth arc. 

Then, if the 1nterjacent fide be more than a quadrant, ſubtract the fourth arc 
from the greater given angle; but when it is lets, from the ſupplement. thereof 
to 180 degrees, the remainder is the reſidual arc: Then, 

2. As the ſine complement of the fourth arc is to the fine complement of the 
reſidual arc: | | 

So is the ſine complement of the leſs given angle to the ſine complement of the 
angle required. That is, 

As radius -- S. c. Side CD: : T. angle ADC. T. 4th arc. 

As S. god. . S. 51d. 32m. : : T. 27d. 3om. + T. 22d. 11m. 
which ſubtra& from (Suppl. of the angle ACD) - 48d. 26m. 

The remainder is the reſidual arc = - - - - 26d. 15m. 

Then, S. c. 4th. arc. ++ S. refid. arc. : : S. c. ADC. S. c. CAD required, 
| S. 67d. 49m. -- S. 63d. 45m. : : S. 62d. 3om. -- S. 59d. 13m. 
| whoſe complement zod. 4.7m. is the angle CAD required. 

Note, When the adjacent fide and reſidual arc are each more or leſs than god 
the angle ſought is acute; but when one is more, and the other leſs, it is obtuſe. 


145. Caſe 11. Three Sides given, to find any of the Angles. 
EXAMPLE. In the oblique ſpheric triangle ACD (129) there is given, 
AD 65d. 2om. ACD, or | 
The Side 4 CD 38d. 26m. þ Angle 3 ADC, or 
| AD 34d. 8m. CAD required. 
The reſolution of this, and the following caſe, depends upon the fourth axiom 
and for the greater diſpatch obſerve the following directions, viz. 
1. Add the three ſides together, and from their half ſum ſubtract the fide 
oppoſite to the angle required, noting the remainder. | 
2. To the complement arithmetic of the logarithmic fines of the containing 
fides, add the logarithmic fines of the half ſum and the remainder ; half the total 
of theſe four Iggarithms is the logarithmic ſine of half the required angle's ſupple- 
ment to 180 degrees. ; 
| The operation for the angle ADC is thus, 


each required fides ſupplement to 


| DC 38 26 10 S. co. ar. 0.206487 

Side AC 34 8 The-conmining fides 5 5. co. ar. 0.250944 

65 20 | 2 Sum ſides 68d. 57m. Ss, - 9.970000 

Sum is - 137 54 | Remainder is 3d. 37m. Ss, - 8.799897 

Half ſum is 68 57 | Sum of the four logarithms is 19.227334 

Remains 3.37 | 24d. 15m. S. 1 Sum 9.613667 
Double it 24d. 15m, a 


he ſum is 48d. 30m. 
Which ſubtract from i Sd. om. 


——— H— 


Remainder is the angle ACD 131d. zom. Note; 


th 


: 


— 9 
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Note, If either of the containing ſides, or the half ſum, exceed go degrees, then 
the ſine, or ſine co. ar. maſt be taken of the ſupplement to 180 degrees. 


146. Caſe 12, The Angles given, to find a Side. 


| | EXAMPLE. 
In the oblique ſpheric triangle ACD (130) there is given, 
ACD z3od. 47m. | CD, or 
The angle} DO 27d. zom. : The ſide J AC, or 
CAD 131d. 34m. AD, required. 

This caſe is like viſe performed by the directions in (145) the angles being 
accounted fides, and the ſides angles; and then taking the ſupplement of the 
greater (given) angle to 180 degrees. | 
227 30 | For the ſide AD, the operation is thus; 


d. m. | 
Sup. Ang. CAD 48 26 


ADC 27 30 
ang ach 30 47 


———— — 


Sum is 105 43 


The adjacent Angles { S. co. ar. 0.125992 


S. co. ar. 0.335594 
2 Sum Ang. 53d. 2Im. S. - - 9.904335 


Remainder 22d. 34m. 8s. - 9.584058 


— —— — 


Half ſum is 53 21 | Sum of the four Logarithms is 19.949979 


Remainder <- 22 34 
| Double it 


The ſum is 
Subtract from 


70. 44 S. half ſum 9.974989 
[0-44 


141.28 Which 
- <- 130. o 


Ps = =. 


Remainder is the ſide AD 38.32 


Note, When the greateſt ſide CD, (which ever is oppoſite to the greateſt angle) 
is required, the operation will pruduce the ſupplement thereof to a ſemi-circle ; 
wherefore, if it be ſubtracted from 180d. it leaves the fide ſought ; Or (by the 


logarithms) if you omit this part of the operation, viz. the ſubtraction from 180 
degrees, you have the fide required, 


147. An Angle between two Sides given, to find the other Side, = 


Problem (143) oftentimes very uſeful in Nautical Aftronomy, other- 
wiſe ſol ved. 
Axiom. The rectangle of the fines of any two ſides of a ſpheric triangle, 

multiplied by the coſine of the included angle, and the product added to the pro- 

duct of the coſines of the ſaid ſides is equal to the coſine of the other ſide, When 
the fides and angle are each leſs than a quadrant. | 

Elucidation. Add the log fines of the two ſides and the log coſine of the included 
angle together, and find the natural number of the ſum. Allo add the log coſines 
of the ſides together, and find the natural number of the ſum. Then the ſum of 
theſe two natural numbers will be the natural coſine of the ſide ſought. 


EXAMPLE. (143.) 


| Let AC be 34d. 6m. AD 65d. zom. and the angle CAD zod. 46m. re · 
wired CB? | : | | 


i 


: 
—— 


. 8. 34d. 6 — - 
S. 65d. 20m.- 
| 8. C. zod. 45 „%%% —ͤ; 2 


S. c. 34d. m. 
S. c. 65d. 32m. 


GEOGRAPHY. 
- 9.748.683 


„%%% — 


9-934-123 


—— —ͤ— 


9.641.251 Nat. num. 43778 


' 
4 
8 
' 

\© 

O 
O 

+ 

00 
7. 


9.538.550 Nat. num. 34558 


„„ 


| The natural coſine of 38d. 26m. 78336 
This problem is neatly folved by the verſed fines. See Sherwin's Tables, page 


44» laſt edition. 
So much for the doQrine of 


HE Earth, together with the ſea, compoſeth that round body called the 


1 orb or globe of the earth, which is circumſcribed by lines real and ima- 


2. The real lines are ſuch as agree with the terreſtial globe by nature, and fo 


divide it into continents, iſlands, and ſeas: The imaginary parts are ſuch as are 


applied to it by virtue of our underſtanding ; and not being materially ſuch, are 
ſuppoſed to be on the earth: theſe imaginary lines are either ſtrait or circular. 


3. The axis is a ſtrait line imagined to paſs through the center of the earth; 
the extreme points are the poles on which the world is ſuppoſed to move ; one 
called the arctic or North pole; the other the antartic or South pole. Fig. (89.) 
4. The circular lines are either greater, as the meridian, horizon, equator ; 
or leſs, as tropics, polar circles, parallels of latitude. 
Meridian is a circle paſſing through the poles of the earth, the zenith and 
| * adir, croſſeth the equator at right angles, and divideth the earth into two equal 
parts, one Eaſt, che other Weſt: it is ſo called, becauſe when the ſun cometh to 
the meridian of any place, tis then noon or mid-day there; they are infinite in 
number, for all places from Eaft to Weſt have their ſeveral meridians. 
Of theſe, one is called the firſt, or chief meridian, from which the longitude of 
places is reckoned ; tis of fpecial note and uſe, but variouſly placed by geo- 
phers ; tis frequently repreſented on globes and maps by a double line paſſing 
— the poles, and is divided into twice go degrees, numbered from the equator 


towards pole. 


56. The horizon is that circle which comprehendeth all that ſpace of the earth 
which is viſible, and diſtinguiſneth it from that (lying under the horizon) which 
is inviſible ; it is either ſenſible or rational. | 
The ſenſible horizon is that apparent circle which extends itſelf quite round 
about us, dividing the heavens and earth into two unequal parts ; and being li- 
mited by the fight, is ſometimes greater or leſs, according to the ſituation of the 


Parts, whoſe poles are the zenith and 


; by this circle our days and nights 
are 


The rational horizon is a circle 2 the heavens and earth into two equal 


ID 1 yoo „ 
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are meaſured, and the diverſe riſings and ſettings of the ſun, moon, and ſtars | 


do appear. 3 
Note, The meridian and horizon are moveable with the mutation of places. 


7. The equator is a circle under the equinoctial in the heavens, compaſſing the 


earth in the middle between its two poles, dividing it into two equal parts, called 
the Northern and Southern hemiſpheres; from it the latitudes of places are 
reckoned, either North or South; this circle is repreſented on globes and maps 
by a double or treble line, divided into 360 degrees, nnmbered 10, 20, 30, &c. 
from the left-hand towards the right, till it end in 360 degrees, but upon the 


modern globes and maps gradu ted from the firſt meridian, both ways, 10, 20 


30, &c. until both graduation: 1 tin go. at the ophoſite part of the meridian, 


This circle is called equator, ec ue wacn the ſun comes to it, which is twice 


2a year, (viz. about the 2 1ſt of ch, at his entrance into Aries; and again into 
Libra about the 23d of September,) he makes equal days and nights throughout 


8. The leſs circles deſcribed on globes and maps are called parallel circles, 


ſome of which have particular names, as tropics, and polar circles. ; 
9. The tropics are two, being paralle! to the equator, and diſtant from i 


23d. 28m. That on the North fide of it is called the tropic of cancer, at which 
the ſun hath its greateſt North declination ; then making to us, and all places in 


North latitude, the longeſt day and ſhorteſt night, which is about the 21 of 
June; the other, on the South ſide, is called the tropic of Capricorn, at which 


the ſun hath its greateſt South declination making then our ſhorteſt day and lon- | 


geſt night, which is about the 22d of December. 


10. The polar circles are two, being alſo parallel to the equator, and com- 
paſſing the poles of the world, at 23d. 28m. diſtance ; that about the North pole 


15 called the artic circle, and the other the antartic circle. 


Theſe tropics and polar circles divide the globe of the earth into five parts called | 


zones, of which three were accounted by the ancients to be ſo intemperate as to 


. — —_ 
——_— * hk 


be uninhabitable ; theic zones are called torrid, frigid, and temperate, that is, Wi 


one torrid or burning zone, two temperate, and two frigid or frozen zones. 


11. The torrid zone is all that ſpace of earth and fea which heth between the 


tropics of cancer and capricorn. | . 
12. The two temperate zones are contained between each tropic and a polar 
circle, 


13. The two frigid zones are contained between each polar circle and its pole z } \ 


that is, one within the arctic circle, and the other encompaſſed by the antarctic. 


Thus much of the imaginary lines, and parts of the earth, the real parts are f 


earth and water, in general divided into four parts or quarters, called E ; 


Aſia, Africa, and America; each of theſe, and conſequently the whole globe, is 


divided into continents, iſlands, and ſeas | 
14. A continent is a great quantity of land, not divided by the ſea, wherein are 
ſeveral empires, kingdoms, and countries conjoined ; as Europe, Aſia, and Africa 
is one continent, and America is another. 
15. An iſland is a part of the earth that is environed or encompaſſed round by 
the ſea ; as Great-Britain, and alſo Ireland, &c. are iſlands. | 


In continents and iſlands, are theſe parts obſervable, viz. peninſula, iſthmus, | 


and promontory. 
16. Peninſula is ſuch a part of land as is almoſt environed round with water 
and is joined to the land by an Iſthmus, as the Morea in the Levant9  _ 
17. An Iſthmus is a narrow neck of land between two ſeas, which joineth the 
peninſula to the continent, as Corinth in Greece. | 


18. Promontory is a high hill, mountain, or cape of land that ſhooteth itſelf into 


the ſea, as Caps de Verde, and the Cape of Hope, in Africa. a 


2 
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19. A place, in reſpect to the heavens, is either Eaſt, Weſt, North or South. 
| Theſe places are ſaid to be Eaſt which lie in the Eaſtern hemiſphere (terminated 
by the firſt meridian) or where che ſun riſeth. 
| _ are Weſt which lie Weſterly of the ſaid Diviſion, towards the ſetting 
| e ſun. 

Thoſe places are properly North which lie betwixt the equator and the North pole. 
And thoſe places are South which lie betwixt the equator and the South pole. 

But according to general acceptation, places are ſaid to be North or South, 

| — Eo they are ſituate to the Northward or Southward of the equator, even 
each pole. | 

Tube ancients have divided the inhabitants of the earth into Periceci, Anticeci, 

and Antipodes. 

20. The Pericect are ſuch who live under the ſame parallel, but in oppoſite 
points of it, chat is, they are in the ſame latitude, but their difference of longitude 

180 degrees. 

21. The Anticect are ſuch as have the ſame meridian, and equally diſtant from 

the equator, but the one North and the other South; that is, two places in one 
longitude, and each in equal, but contrary latitudes. 

22. The Antipodes are ſuch as inhabit two places of the earth, which are 

ametrically appoſite; that is, two places whoſe difference of latitude and dif- 

Frence of longitude are each 180 degrees, and ſuch walk feet to feet. 

The earth being encompaſſed by water, whoſe waſhings in ſurrounding the dry 

and, cut out and ſhape many winding bay, creeks, and meandring inlets, giving 

E terminations to the four regions of the earth, and extending itſelf round them all, 

zs but one continued ocean; wherefore, 1 

The water is either ocean, ſeas, ſtraits, creeks, lakes, rivers, bays, &c. 

23. The ocean is a general collection, or rendezvous of all waters. 

234. A ſea is a part of the ocean, to which we muſt ſail through ſome ſtraits, as 
the Mediterranean and Baltic ſea. 

25. A trait is a narrow part of the ocean, lying betwixt two ſhores, and 

opening a way into ſome ſea; as the Straits of Gibraltar, that leads into the 

Mediterranean ſea, and the Sound, which leads into the Baltic ſea. 

26. A creek is a ſmall narrow part of the ſea, or river, that goeth up but a 

F little way into the land. | | 

27. A bay is a great inlet of the land, as the Bay of Biſcay, and the Bay of 

Mexico; otherwiſe a bay is a ſtation, or road for ſhips to anchor in. 

28. A river 1s an intand channel which receives the waters of the interior part of 

a a country, and conveys them between its banks towards the ocean. 

29. A lake is that which continually retains and keeps water in it, as the lake 

EF Zair in Africa, and lake Nicaragua in America. 

30. A gulph is an inlet of land deeper than a bay, as the gulph of Venice, the 

| guliph of Florida, in which are ſwift and rapid currents. 

oy Of the Names of the Occan. On” 

31. The ocean, according to the four quarters, had four names, as the Eaſtern 
er Oriental ocean, the Weſtern or Occidental ocean, the Northern or Septen- 

Exrional, and the Southern or Meridional ocean. But beſides theſe, it- hath other 

particular names according to the continent it boundeth, and the nature of the ſea; 

Fas it lies extended towards the Eaſt it 1s called the Chineſe ſea, from the adjacent 

country of China. Towards the South it is called Oceanus Indicus, or the Indian 

fea. Where it waſheth the coaſts of Perſia, it is called Mare Perſicum. In like 

manner Mare Arabicum from Arabia; and ſo towards the Weſt, it is the Ethio- 
jan ſea. AX 

| FP” Then the Atlantic Ocean, from Atlas, a mountain in Africa; but near to 

America, it is called by the Spaniards Mar-del-Nort; and en the other fide of 
America, it is Mar-del-Zur, or Mare Pacificum, 3 


a Where 


W 
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Where it touches upon Spain, it is Oceanus Hifpanicus ; by the Engliſh, the 
Bay of Biſcay ; between England and France it 1s called the Engliſh Channel; 
between England and Ireland the Iriſh Sea, or St. George's channel; between 
England and Holland by ſome the German, but rather the Britiſh ocean ; North» 
ward of Scotland, it is called Mare Caledonium ; more Northerly it 1s called the 
Hyperborean, or Frozen Sea; more Eaſterly, it is the Tartarian Sea, or 
Scythlan Ocean, &c. Thus much for the names of the Ocean. Next, 


Of the Names of the Seas. . f | 
32. The Baltic Sea, by the Dutch the Ooſt Zee, lying between Denmark, 
Sweden, and Germany, whoſe entrance is called the Sound. The Mare Medi- 
terranean, by the Engliſh the Straits; by the Spaniards Mar-del-Levant, the 
entrance whereof ts called the Straits of Gibraltar ; then Pontus Euxinus, or the 
Black Sea, to which joins Palus Meotis, now Mar-del-Zabeche ; then the Caſ- 
pian, or Hircanean Sea; then tbe Arabian Gulph, Mare Rubrum, or the Red 
Sea: and the Perſian Gulph, or Gulph de Elcatiff, &c. OO: 
| Of the Diviſion of the Earthly Globe. | 9 
33. The globe of the earth, as was ſaid before, is divided into four parts, viz. 
Europe, Aſia, Africa, and America. = | - 
34. Europe is bounded towards the North by the Northern Ocean, or Frozen 
Sea; on the South by the Mediterranean Sea, lying betwixt it and Africa; on 
the Eaſt with the river Tanais; and on the Weſt by the Weſtern, or Atlantic 
Ocean, whoſe chief provinces are, 


Poland, M uſcovia, Sweden, Norway, 

Denmark, Germany, France, Spain, 1 5 

Portugal, Italy, Hungary, Sclavonia, 

Greece, Dalmatia, Romanra, Part of Tartaria. 
; : The principal Iſlands are, 

Great-Britain, Ireland, Sardinia, Sicily, 

Corſica, Candia, Negropont, Cyprus. 


35. Aſia is bounded on the North, with the Northern and Tartarean Ocean; 
on the South, with the Arabian Gulph, or Red Sea; on the Eaſt, with the Indian 
Ocean; and on the Weſt, with the river Tanais. 


The chief Regions are, 


Turky in Afia, Arabia, Tartaria, Perſia, 
Natolia, Meſopotamia, Aſſyria, Chaldea, 
Syria, Armenie, Paleſtina, Georgia, 
Media, Parthia, China, India. : 
| The principal Iſlands are, 
Japan, Sumatra, Borneo, &e. in the Oriental Ocean, 
| Cyprus, Rhodes, in the Mediterranean, 
Metelino, Scio, Samos, &c.. in the Archipelagus. 
36. Africa is bounded on the North with the Mediterranean, on the Eaſt with 


the Red Sea; on the South with the Æthiopic or Southern Ocean, and on the 
Weſt with the Atlantic Ocean. | | | 


p The principal Provinces are, 

Egypt, Barbary, Monomotapa, 

t Deſerts of Zara, Negroland, Biledulgerid, ö 

? Nubia, | Guiney, Ethiopia, or Abyſſinia. 

e Its Iſlands are, | 

- The Canary Iſlands, Cape de Verde Iſlands, | 5 4M 
The Iſles of Azores, | Madeira Iſlands, 1 

p St. Thomas, Madagaſcar, or St. Lawrence, 


Malta, in the Mediterranean, St. Helena. : 
37. America 
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37. America is bounded on the North, with the Northern Oeean; on the Eaf: 


| with the Atlantic Ocean; on the South with the Magellanic Sea; and on the Weſt 
with the South Sea, or Mar del Zur: It is divided into two parts, viz. Mexicana 


1 North America hath theſe Provinces: 
New Spain, Florida, Carolina, Virginia, and 
Maryland, Penſylvania, New Jerſey, New-York, 
New England, New-France, Greenland, whether Continent or Iſland 
15 not yet known. 
South America hath theſe Provinces : 
Terra Magellanica, Brazil, Chili, the Amazons, Guiana, Peru, Panama, 
Carthagena, Paragnay, or Rio-de-la-Plata. 
| | The principal Iſlands are, 
Terra del Fuego, Hiſpaniola, Cuba, Jamaica, Porto Rico, Bahama, Bermudas, 
Barbadoes, and the reſt of the Caribba Iflands ; the Moluca Iſlands, Java Major, 
ava Minor, California, Newfoundland, and many others. 


HRE FOLLOWS | 
A T A BB EK 
OF THE 


BATITUDES or PLACES, 


WITH THEIR 


TONGITUDRES: 
FROM THE 
MERIDIAN of the ROYAL OBSERVATORY at GREENWICH; 
ALSO 
True TIME or HIGH WATER; 


: AT THE 


FULL AND CHANGE or Tur MOON, 
AT THOSE PLACES WHERE IT IS KNOWN, 


From THE REQuisITE TABLES ruslis HED by Ox DER or THE 
BOARD or LONGITUDE, 


A. 
8 | Sea or | 
Names of Places. Country. Latitude. | Longitude. 
. 6 7 0 £0 
Abbeville —— France % 1} Ny4*2 40 6-3 
Abo —— Finland — 60 27 10 NI 22 13 30 E 
Achem Sumatra —— $522 NI 9; 34 EI 
Adventure (Bay) — N. Holland 43 23 o 8 14) 30 o E 
Adventure (Iſle) — Pacif. Ocean 17 5 15 8 144 17 45 W 
Agde France. — 43 18 5% NI 3 28 11 E 
Agen france 44 12 7 N| o 35 49 E 
St. Agnes (Lights) —|Scillies 49 56 ON 6 46 O W 
Apra — Undia . — 26 43 ON 76 44 o E 
Aire — Franc e. 43 31 35 NI 5 26 34 E 
Aix — — France — — 43.31 35 NN 5 v4 
Alby — France — 4 55 44 NI 2 845 E 
Ale — Turkey — 35 45 23 NI 37 20 O E 
e e me m—_— — 36 35 10 N 36 20 O E 
Alexandria — Egypt — 31 11 20 N] 30 16 30 E 
Algiers — Uglers — — 36 49 30 NI 2 12 45 E 
Amboĩiſe France ——[ 47 24 54 N| o 59 7 W 
Ambrym (Ifle) ——|Pacif. Ocean ———| 16 9 30 8 168 12 30 E 
Amiens m—— France — — 49 53 38 NI 2 17 56 E 
Amſterdam — Holland — 52 2245 N A 
Amſterdam (Ile) ——|Pacif. Ocean ——} 219 84 46 o W 
Ancona ——ſitaly o——_—— 1 4; 37 54 Nj 4 8 
Angers France — — 7 28 NI o 33 
Angouleme France —— 1 ? 
Angra — Tercera — 28 39 N „ 
Annamocka Pacif Ocean —— 20 16 30 8 [174 30 30 W 
Annobon -- Guinea ————| 1 25 08 8-45" 0M 
St. Anthony's (Cape) Staten Land 54 6 45 8 | 
dt. Anthony (Cape) - Rio Plata —— 36 24 855 11 10 W| 
Antibes — France 43 34 50 NI 7 8 30 E 
Antigua (St. John's) [Sarib Sea ———| 17 4 30 NI 62 9 © 
Antwerp —— — Flanders — -——| 51 13 15 NI 4 22 45 E 
Anvers Netherlands —— 51 13 15 NI 4 24 1 5 E 
pz (Iſle) ————|Pacif. Ocean — | 16 46 15 8 168 27 30 E 
racta . —[Turkeß 36 1 NI 38 50 O E 
Archangel —— —Ruſſia—— 64 34 o N 38 55 O E 
Arica —ferui——— 18 26 38 871 11 o W 
Arles —— France ee ene N 4 38 o E 
Arras — — France 0 17 30 N 2 46 38 
Aſcenſion /Ifle) — 5. Atl. Ocean — 7 56 30 S| 14 21 15 W 
Athens — Turkey T 
Auch m__—_— France — 43 38 46 NI o 34 36 E. 
dt. Auguſtin Madagaſcar 23 35 29 843 8 % Bf 7 
Aviero — —'ortugal w—— zo 38 20 NI 8 4% oO W| _ 
Aurillae .. France L 44 55 10 NIC 2.29: © W] 
Aurora (Iſle ) pacif. Ocean —— is 8 08168 15 o Ef. + 
Autun — |France —————| 46 56 46 N "418" 8E 7.0 
vignonn—— France 43 57 28 N 4 48 33 E 
Arranches France om—— 48 41 18 N 1 22 38 WI 
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| : B. 
| 1 K dea or | | [High 
7 Names of Places Country. Latitude. Longitude |War. 
| 0. / e / „7 / 
Babylon (Ancient) —|Meſopotamia ——| 33 © ON 42 46 30 E 
3a — Meſopotamia — 33 20 O NI 43 46 30 E 
{Balafore [India ——| 21 20 © NI 865 o O E 
Ballabea (Ifle) N. Caledonia —— 20 7 o Sh64 22 O E 
Bald (Cape) Newfoundland —— | 51 39 45 Nj 55 27 50 W 
Banguey (Peak) ——|Malacca — ———| 7 18 O Nh|117 17 30 E 
Barbas (Cape) — Sanhaga 22 15 30 NI 16 40 o W 
buda (Iſle) ——|Atl. Ocean 17 49 45 N| 61 50 OW 
Barcelona —— Spain — 41 26 O NI 2 13 O E 
Zarnevelt's (Ile) Terra del Fuego — 55 49 o 8 66 58 o W 
St. Bartholomew (Iſle) N. Hebrides 15 42 O 167 17 30 E 
{Baſil Switzerland —— — 47 35 o NI 7 29 30 Ef 
Terre Guadaloupe — 15 59 30 NI 61 59 15 W] 
Batavia — java —- | 6 10 o 8106 51 15 E 
Bath England—— — 51 22 30 N| 2 21 30 W 
Bayeux -—— France — | 49 16 30 NI o 42 51 W 
Bayonne — —— France | 43 29 21 N 1 30 6 WI 56 
ſeachy Head — England — 50 44 30 N| o 19 40 Eo o 
dear Iſile ͥ Hudſon's Bay -| 54 34 © N 79 56 O Whzo 
eauvoĩs ——— ——|France — 49 26 2 N 2 4 42 E 
Zelle Iſle — France | 47 175 30 NI 3 6 30 W 
Bembridge Point Iſle of Wight ——| 50 40 15 N 1 4 45 W 
Zencoolen Sumatra —————— | 3 49 3 Sjo2 0 O E 
Berlin Germany ——————| 52 32 30 NI 13 26 15 E 
Bermudas (Iſle) ——jAtl. Ocean „32 33 N 63 28 0 W 
eſanſen France 47 13 45 NU 6 2 40 E 
BBeſiers —— France —— 43 20 41 N 3 12 35 E 
Blanco (Cape) Negroland 20 55 30 NI 17 10 0 W 
| 1 Patagonia 47 20 © 8 64 42 o W 
Blois — — France —— — 47 35 19 N 1 19 50 E 
Bojador (Cape) —— Negroland —————| 26 12 30 NI 14 27 O W 
Bolabola (Ile) — Pacif. Occan 16 32 30 80151 52 O W 
{Bolo — Italy — 44 29 36 N 11 21 15 E. 
JBolcheriſko1 ———- j>:iberia -—i 52 54 30 NII56 37 30 E 
{Bombay . ladia — is 56 40 N 72 38 O E 
} . q | 
{Bonaviſta (Ile) ——Atl. Ocean 16 6 O N| 22 47 15 W 
[Boſton ——— ———jNew England 42 25 © Nj 90 37 ig W 
— (f·y2„ä.— — 2 „ — 
Botany (Iſland) ——|N. Caledonia 22 26 40 80167 16 45 E 
Bologne —— ——. France — 50 43 31 Nj 1 36 44 E 
{Bour n (Iſle) Und. Ocean 20 51 43 80 55 30 0 
Bourdeaux———Erance —| 44 50 18 Nj o 34 49 W 
Bourges  ——— ——|France — 47 4 58 NI 2 23 26 
Breſla — ——Sileſia — 51 3 N17 8 48 © 
Preſt— . Prance 48-22 3 N14 30 50 
{Bridge Town —— |Barbadoes 13-5..0 N59 44 15 
| jr. neux ——Fraace — — 48 31 21 N| 2 43 17 
{Briſtol {Cape} ———{Sandwich Land =— 5 2 30 Si 26 51 © 


7 | 1 . 


2 


GEOGRAPHY. 


Cambridge [England ——[ 52 12 36 


| Sea or | | 
Names of Places. Country. | Latitude | 
| $6 | 4-4-0 
gruſſel· —— Brabant ————| 50 fi ON 
Buenos Ayres Braſil 34 35 26 8 
Bukaroſt —— ———|Walachia 44 26 45 N 
guller (Cape) ——|S. Gcorgia 53 58 30 8 
3urgeo (Iles) —— [Newfoundland 47 36 20 
Burlings —— — [Portugal — | 39 20 0 3 
5 C. 
Cabello (Port) — [Terra Firma | 10 30 50 N 
Cadiz — pain 36 31 7 N 
Caen | —— France — 49 11 10 N 
Cahors France —— 44 26 4 N 
Cairo — Egypt — 30 2 44 N. 
Calais — France — 50 57 31 N 
Callao — Peru — 12 1 53 8 7 
Calcutta F. Will.) India ñ;xĩ 22 34 45 N 
Calmar Sweden 56 40 30 N 
Cambray France 50 10 32 * 
Nl 


Cambridge N. England ———| 42 25 ON 
Canary (Iſle) N. E. P. Canaries | 28 13 0 N 
Candia (Iſle) Medit. Sea ———| 35 18 35 N 
Candlemas Iſles — Sandwich Land A 

Canſo (Port) Nova Scotia | 46 20 7 
Canton — . —— China — 23 7 5o N 
Carleſeroon Sweden - ——| 56 20 0 N 

0 Cartagena - — Spain — 37 37 © N 
— Carthagena Terra Firma ——=| 10 26 35 N 
Caſan Siberia — 55 43 58 N 

Caſſel — Germany —— [5119 4 N 

45 Caſtres « — France — 43 37 10 N 
St. Catherines (Iſle) |Atl. Ocean 27 35 © 8 

0 Caran Ireland 1 41 N 
(ayenne q Iſle Cayenne * = qo N 


Cette — — France .—] 43 23 51 N 0 
Challon — . — France —— 46 46 50 NI 4-51 25 EI | 
Chalons France. 48 57 12 NI 4 22 12 B | 
chandernagor India — — 22 51 26 NI 88 29 15 E 


Charlotte Sound. N. Zealand 41 f 58 8174 15 32. Eee 
N Charl. Foreland -N. Caledonia 22 15 © 8.67 12 45 Ef 
X Charlotte's Cape [Sen, Georgia 54 32 o 8 36 11 30 WI 
0 Ille ——.Hudſon's Bay t 52 3 © N75 o 
res . [Etance —— 48 26 49 N 1 28 55 B 
France — [ 49 38 26 N : 38 11 Wh 
Terra del Fuego —— 2 &o Wl: 
riſkaphex's (Iſle Carih. Se 43 N 
rc bell River Hi. — 0s 


wits Vecchia 


* 


2. 


EL 
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2 
ys | "Yea or | High 
Names of Places. Country. | Latitude. | Longitude. Wat. 
| 1 EE - #0 „„ 
ape Clear Ireland 51 18 © NI 11 15 © WIA 56 
lerke's Iſles ———jAtl. Ocean ————| 55 5 30 S| 34 42 O 
lermont [France ——— 45 46 45 ; £7 E 
oimbra ————|Portugal —-| 40 14 o N| 8 4 o W 
Colenet N. Caledonia — — 20 35 oS [164 56 O E 
Colmar —— France — — 48 4 44 N| 7 22 11 E. 
ologne Germany ——— -—| 50 55 ON 7 5 o E 
Cape'Comerin ——= [India — — 7 59 o N{78 5 O E 
Compeigne France —— — ——| 49 24 59 NI 2 49 41 E. 
Conception — — [Chili —— —— 36 42 53 $| 72 40 OW 
Cooper's Iſle ———|Atl. Ocean —— — 54 57 o 8 36 4 20 W 
Conſtantinople ——{Turkey — — ——| 41: 1 24 N| 28 53 49 E 
openhagen Denmark — ———| 55 40 45 NI 12 35 15 
bo Chili ——— —— ] 29 54 26 S| 71 1 W 
ee — ä — 151 1 84 8 FT + Wis zo 
ape Coronation — N. Caledonia —— 22 5 0 80167 8 O E 
orvo — Azores —— 39 42 N 5 6 O W 
outances France -—— ——| 49 2 50 N 1 27 25 W 
owes Iſle of Wight — 50 46 20 N| 1 19 45 Wozy 
racow m— Poland — 50 10 O NI 19 50 O E 
remſmunſter Germany — ——| 48 3 29 N| 14 7 O E 
roĩſic France —. 47 46 NI 42 W 
Cumberland (Cape) |N. Hebrides - 14 39 30 S[166 47 E 
Cummin (Iſle) Pacif. Ocean 41.40 © Ni12t 4 
* 
Dantzic —— —— [Poland —— —— —| 54 22 O NI 18 33 37 
Dax ——— « [France — $340 23 n t 50 W 
St. Dennis — I. Bourbon 20 % Ä 
Diego (Cape) Terra del Fuego 54 33 0 $| 65 14 o W 
Diego Raiz ———— [Indian Ocean — 19 44 © $f 63 36 O E 
Dieppe France — 0 % 11 
Dijon France „ 23 E 
Dillingen — Germany 48 30 © NI 10 14 30 E 
Diſappointm. (Cape) [So. Georgia 54 58 o $| 36 15 o W 
| 3 (Cape) Terra del Fuego — 55 4 15 £| 74 18 o W 
Dol —— —— — [France — 48 33 9 NI 1 46 12 . 
Pominique Ude) —[wWindward Iſles — 15 18 23 NI 61 27 55 W 
{Douay =—— ———|Flanders ————| 50 22 12 N. + 447 F 
IDover —— ————JEngland —————| 51 7 47 N 1 18 30 
France 48 44 17 NI m 21 24 E 
Norway —— — | 63 26 10 NI 11 3 45 
lreland —— 53 21 11 N 6 6 30 W 
England — 50 52 20 NI o 59 6 E 
France | 36 * 4 NI 2 22 23 
N. Zealand ————| 45 47 27 8166 18 9 E 
England — 1 16 20 W 
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2 * 


E. 


| Sea or 
Names of Places. Country. Latitude. '| Longitude. 
SS | . 1 
Eaſter Iſland . Pacif. Ocean 27 6 30 Sſiog 46 45 WꝭIZ © 
Edinburg —— s cotland —— 55 57 57 NI 3 12 15 
Eddyſtone —— — Eng. Channel ——| 50 8 o NI 4 24 0 
Edmonton Church — England —— 51 37 57 N o 3 O W 
Embrun — ————|France — 44 24 oO Nj. 6 29 © E 
Enatum (Iſle) Pacif. Ocean 20 10 0 870 4 o E 
Engliſh Road Eaoowe ——| 21 20 30 8/74 34 W 
Erramanga (Iſle) — Pacif. Ocean 18 46 30 80169 18 30 E 
Erzerum Armenia 39 56 35 N48 35 45 
Euſtachia Town) — Carib. Sea 17 29 o NI 63 10 0 
Evout's Iſles Terra del Fuego — 55 34 30 8 66 59 O W 
Evereux — France — 49 1 24 NI i 8 39 E 
Exeter — England 150 44 O NM 24 34: 6 6 
F. 
Falmouth —— —— England ——— 50 8 o N| 5 2 30 
Falſe (Cape) ———|Caffres — 34 16 o $| 18 44 0 
Falſe Bay — Caftres — 34 10 © S| 18 33 © 
Farewell (Cape) ——|Greenland ————|j 59 38 O NI 42 42 © 
Farewell (Cape) — N. Zealand —————| 40 37 © S172 41 30 
Fayal Town Azores — —— 38 32 20 NI 28 41 5 
3 Ferdinand Noronha — Brazil = 3 56 20 8 32 38 © 
Ferrara eo ————[tal/ - — ———| 44 54 O N| 11 36 15 
Ferro Iſle (Town) —|Canaries— 27 47 20 NI 17 45 50 
Finiſterre (Cape) ——|Spain 42 51 52 N 9 17 10 
Florence —. Italy — 43 46 30 NI II 2 © 
Flores — Azores 39 34 O N 31 o eo 
St. Flour —ß.xèq — France ⁊äͤꝛuè— 45 1 5s NI 3 5 30 
Fortaventure (W. Pt) -|Canaries = — 128 4 o N| 14 31 30 
oul Point — Madagaſcar 17 40 14 S| 49 53 o 
France (Iſle of) Indian Ocean 20 9 45 857 28 © 
Francfort (on che Ma.) Cermany — — 40 55 o N} 8 35 © 
Francois (Cape) 1 — 19 46 30 NI 72 18 0» 
Old Cape Francois — Hiſpaniola 19 40 30 NI 7o 2 0 
Frawenburgh — Pruſſia - - 54 22 15 N} 20 7 30 
ee (Cape) F a 3241 3 N 6 44. 
kl [WFrckel (Cape) France xy ä ; 
| French Bay ——=—|Falkland's Iſlands —| — G 81 59 — * 
Vb ie ieſand's Peak — Sandw. Land 59 2 © f 26 55 30 
9 8 [Fronſac (Surait) Nova Scotia | 45 36 57 NI 61 19 30 
3 0 4. Cape Verd 14 56 45 NI 24 28 © 
10funchai Madeira 32 37 40 NI 17 6 15 
Mira Tfland —acif. Ocean —— 1 11 o 143 6 40 


Latitude. 

Fg 1 
France 44 33 50 N 
New Guinea ———| o 6 o 8 
Africa 30 38 0 N 
Italy —— 44 25 o N 
Azores ꝛ⁊x·' ny — 38 39 o N 
Bermudas — ——| 32 45 o N 
India | 13 1 8 
New Britain 4 53 30 8 
South Georgia £4 17. © 5 
Flanders ct 3 6 
Spain 35 5 30 N 
Terra del Fuego =—| 55 13 0 8 
Scotland ——— | 55 51 32 N 
India [is 31 ON 
Indian Ocean —— | 13 55 ON 
Canaries ———| 28 5 40 N 
Caffres — — 34 29 0 8 
Caffres— .. — 33 55 42 8 
Atl. Ocean ————| 14 40 10 N 
Sweden ——— | 57 42 © N 
.) [Germany — —| 51 31 54 N 
France —— ——— | 48 50 11 N 
France 43 39 25 N 
Azores 20 1 © 
Germany ——————| 47 4 18 N 
ines Flanders 50 59 4 N 
Greenwich (Obſer.) England 51 28 40 N 
Grenoble France —— 45 11 49 N 
f Germany — — 54 4 25 N 
Carib. Sea 15 59 30 N 
Peru — 2 11 21 8 
Siberia =_ — We Bs. 

— 

Netherlands 52 4 10 N 
Netherlands — 53 34 8 N 
Caffres ———— 34 16 © 8 
England ———| 52 28 30 N 
England —————| 50 52 10 N 
Cuba —— 23 11 52 N 
France xw o —— 49 29 9 N 
ſe (La) Netherlands 51 23 2 N 
St. Helena (J. Town) S. Atl. Ocean [ i5 55 o 8 
enlopen (Cape) — Virginia ——| 33 47 = IN 
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83 | \ Sea or 8585 : 
Names of Places. Country. | Latitude. Longitude. 
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Henry (Cape) N. America] 36 57 O N| 76 31 


— — — — — 


Hernoſand Sweden —— —— | 62 38 o N 17 53 
Hervey's Iſle ——— [Pacif. Ocean 19 17 o 8158 48 
Hinchinbroke Iſle — Pacif. Ocean 117 25 © $|168 38 
Hoat Nghan China 3; 34 40 N118 49 3 
Hogue (Cape La) —|France 49 44 40 N| 1 56 50 
Hooe's Ile — [Pacific Ocean 9 26 O 8138 52 
Hoogſtracten —— [Netherlands ———.—| 51 24 44 N| 4 47 
Horn (Cape) = [Terra del Fuego ——| 55 58 30 $| 67 26 
Hout Bay —— ———j|Caffres —— ————| 34 3 © 8 18 19 
Howe's Iſle Pacific Ocean 16 46 30 806154 6 
Huahine (Iſle) [Pacific Ocean - 16 44 © Sl 151 6 2 
1. J. 
A [akutſkoi —— ——— [Siberia — ———| 62 1 30 NI129 47 45 E 
d Janeiro (Rio) —— [Brazil —— . 22 54 10 $S| 42 43 45 
Jaſſy —— Moldavia — 47 8 30 NI 27 29 45 
Java Head Java — 6 49 o 8106 50 0 
jeruſa lem ][paleſtine — 31 55 © NI 35 20 © 
St. Ildefonſo's Iſles Terra del Fuego —-| 55 51 o 8 69 28 0 
immer (Ile) Pacific Ocean 19 16 © 8169 46 © 
0 [lngolſtadt T Germany — 48 45 45 N 11 22 30 
30 st. — Antigua ä 17 4 30 N 62 9 © 
30 St. John's Newfoundland 47 32 O NI 52 26 o W 
St. Joſeph's Oalifornia - 23 2 8 1009 42 30 
3 . (Iſle) I Pacific Ocean | 19 1 * 8178 25 : 
0 Iſlamabad India —— 22 20 o N 91 45 
Iſle of Pines Pacific Ocean ———| 22 38 o $167 38 
Iſpahan Perſia —| 32 25 o N 52 50 
St. Juan (Cape) Staten Land 54 47 10 8 63 47 
1 udda Arabia —— —][ 21 29 0 N 39 22 
St. Julian (Port) Patagonia —[ 49 10 o 8 68 44 
Juthia — —Undia — ——————\ 14 18 oo N'100 50 
K. 
| (Kedgerce India — | 21 48 o Nj 88 50 15 E 
ow —— Ukraine] 50 30 o N| 31 7 30 | 
Nola ——— —— Lapland —————| 68 52 30 NI 33 8 % K || 
18 15 Lo CN 5 4 | 
716 00 1 i 2 ANDRE ; bu | | ; 
; Ladrone (Grand) — Pacific Ocean 22 2 O NII13 56 o E i 
Laguna — —Teneriffe | —| 28 28 57 NI 16 18 15, W | | 
b Lancerota (E. Pt.) —|Canaries [ 29 14 © 13 26 oW 
; Landau France — 1 40 11 38 N| 8 7 30 E | 
Landſcroon ————|Swedeti ——»——| 55 52 O N| 12 46 45 EE 
FCS en Pfrance— ] 47 52 17 N 5 19. 23 1 | 
JPURNYE Gninopcrm—_——t SWHQLETIANG mice] AG 31 6 N| G 45 15 Bl oo 


y 
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= HET ED | 
Names of Places. Country. Latitude. Longitude. Wat. 
a Eo | 0 4 "of N 4 
England ——| 53 48 O NI 1 34 15 W 
England — 2} o N 1 $} 30 W \ 
Saxony —————| 5:1 19 14 NI 12 20 o E A 
Pacific Ocean =—— | 15 23 30 8167 58 15 E - 
England —— 50 26 55 NI 4 41 45 WV 8 
France 45 18.33 M 0:29 3 N 
Holland ' ——————| 51 10 d N 4 27 30 E 8 
Netherlands 50 % 425 0 K 8 
Germany — ————| 53 8 o NI 2 51 o E 6 
Pery ——— Iz Þ S| 76 49 30 W y 
France = — 45 49 53 NI 1 1 K 8 
Germany 48 16 © NI 13 57 30 E V 
France — | 49 11 © NI o 1; o E. * 
Flanders ——— | 59 37 50 N 3 4 16 E * 
Portugal — 38 42 25 NI 9 9 59 WIJa 15 * 
| Atl. Ocean — 56 40 O NI 17 45 O W v 
ILifburne (Cape) — N. Hebrides 15 40 45 S|166 57. o E M 
Lizar Eng land —— 49 57 30 N 5 15 o W/ 3c Wy 
Lombes ——— France — | 43 28 30 NI o 55 9 E * 
London (St. Paul's) England ——| 5t o No 5 37 Wiz . M 
Lorenzo (Cape) Sy — — 12 00 8 80 17 o W M 
. Louis s (Fort) ——fHiſpamola — 18 18 50 NI 73 15 O W 5 
St Lou Port) —— Mauritius — — 20 9 45 $| 57.28 OO E + 
Loniſbeurg Cap Breton „%% $953.48 | -- M 
LOUVeal . ——|India- — 12 42 30 NITIOI 1 3o E St 
Lourain — ——|Netheclands 50 53 3 N 44 16 E M 
3t. Lucia {Ifle) — Antilles — 13 24 39 N 60 51 390 M M 
Lunden ve den 5 41 36 N 13 21 15 F u 
Lune ville — . — France — — 48 35 33 NI 6 30 6 F 11 
Luſon — France —— — | 46 27 14 N| 1 10 34 W M 
Luxembourg Netherlands — 49 37 6 N| 6 11 45 E M. 
ns — — — France - — 45 45 51 NI 4 49 43 E. | . 
M. M. 
1 | Me 
Macao — |China — 22 12 44 N|113 40 15 E Me 
Macaſſar Celebes ————| 9 © Sig 48 45 E, Me 
Madeira (Funchal) - Alt. Ocean 32 37 40 N| 17 6 15 Wiz 4 Me 
Madraſs . [India ——| 13 4 54 NI 80 28 45 E Me 
Madre de Dios (Port) Marqueſass —— 9 55 30 80139 8 40 W 2 30 Me 
— pain — 40 25 0 N 3 25 45 W Mu 
ena (Iſle) Pacific Ocean — 10 25 30 80138 49 o W My 
(Port) [Minorca 39 50 46 N| 3 48 30 E My 
ajorca (Ifle) —— [Mediterr. Sea 39 35.0 N]_ 2.28945 E 
| — — . — | 2.12 5. E 
Malines —— —— [Netherlands ———-| 51 1 50 N E 
Mallicola (Iſle) — Pacific Ocean — 16 15 30 8 E. 
St r 9 —— 48 38 59 NI 2 W. 
{Iſle ———Medjterr. "Sta === 35-54: N. — 
——— — Es. — a 
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„ Sea or 10h WM 
Names of Flaces. Country. Latitude, Longitude. Wat. | 
ED 2 4 1 „ 1 
Manilla —.— Philippines 14 36 8 N|120 53 24 EE 
Marigalante (Iſle)—Atl. Ocean 15 55 16 Ni 38 o W * 
Marſeilles — [France — 43 17 45 N ; 22 8 EI . 
St. Martha - Terra Firma —| 11 26 40 Ni 74 4 30 W 1 
St. Martin's (Iſle)—][Carib. Sea ———— | 13 4 20 N| 63 2 0 W IT 
Martinico (Ifle) ——fAtl. Ocean 14 44 O N 61 21 16 W | + 
St. Mary's (Ille) — jScilly Iles —— | 49 57 30 NI 6 43 o WI 4 
St. Mary's (Towa) - [Azores ———| 36 56 40 NI 25 9 15 W5E 45 
St. Mary's Cape River Plata ————| 34 51 o $| 54 40 o W | 
Maſkelyne's (Ifles) — Pacific Ocean 16-39% @ 0 = . 
St. Matthew (Lights) [France —| 48 19 52 N . 
Mauritius Indian Ocean ———| 20 9g 4 8 
Maurua (Iſle) Pacific Ocean —— 16 25 40 8 
Mayance Germany — 1 49 54 o N | 
Mayne (John's) Ifle North Ocean 71 10 o N ; 
Mayo (lile) Cape Verd | 15 10 © N | 
Meaux France —— 48 57 37 NU if 
Mende — France — a 44 30 47 N 1 
Mergui —— Siam — — 12 12 0 N 
MetzZkwymę:!ů⁊ ˙Ztꝛn•0a . Franceł.1v.! - 49 7 5 N | . 
Mew Stone — [New Holland —— 43 48 6 8 3 | 
CES 0000 E. 
Mexico — Mexico — 19 54 OoON 1 
Mezieres France 49 45 47 N 1 
Miatea (Iſle) — —jPacif. Ocean 117 8 g 
St. Michael's (Iſle) Azores — —| 3747 o N 
Middleburg (Iſle) Pacific Ocean 21 20 30 8 
Milan — ——— — 45 28 10 N 
Milo (Iſle) Medit. Sea — 36 41 o N 
Moka Red Sea —— 13 19 o N 
Modena — — — Italy | 44 34 0 N 
Mons Netherlands 50 27 10 N 
Montagu (Cape) —Sandw. Land—] 58 33 o 8 
Montagu (iſle) Pacific Ocean ———| 17 26 o 8 
Montmirail France 48 52 8 Nj” 
Montpellier France 43 36 33 N| 
Montſerrat (Ifle) ¶[Carib. Sea ————| 16 47 30 NI 6 
Monument (The) Pacific Ocean 17 14 i 
Moſcow . Moſcovy [ 55 45 23 N 
Moulins— France — 46 34 4 NM 
eee eee 3 — — 48 9 55 N | 
etto Cove Greenla — — 804 I 2 c6 / 
Muſwell Hill -———jEngland. — — 71 3 3 N ho . 28 
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Names of Places. 


Country. | 
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8 * nn 
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Latitude 
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Longitude. 


— 
= 


<8 a va = cn ys 


1 © E 
120 18 O E 
. 
3 
168 10 O E 
75 23 30 W 
23 
7 1c oO W 
50 29 0 W 
3 043 KE 


T7» E. 


5 E 


8 
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- DAY = 


[Oraheite — — 


If landers — 


Tartary — 
Uliateah — 
Pacific Ocean ———| 
Pacific Ocean =——— 
France — 
Brazil —— 


Pacific Ocean 


_— 


Tartary — — 


1 Gan; x 
# 


— — — — 
5 


Guiana- 


Teneriffe =— —— 


1 —— 
Spain — 
Pacific Oceaä 


2 ** EE 


Netherlands 


Huahine — — 


England 


— 


17 45 45 
59 20 10 
16 45 30 
9 40 40 
2535 39 


46 2 50 N 


8 13 © 


50 44 46 N 


9 58 o S[138 51 
NI 8 27 O W 


41 10 © 


451 O N| gi 30 O W 
51 46 0 N 35 9 30 E 


47 54 4 N 


49 47 45 


28 23 27 N 


51 12 30 


51 13 55 
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1441 


58 32 3 
43 46 30 N 
17 52 20 $1148 6 
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14 20 W 
12 30 E 
3 W 
1 40 W 
6 OO W 
1 25 13 W 
35 5 30 N 


2 14 57 E 
o W 


154 22 
N89 58 45 W 


16 24 11 W 
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7 39 9 
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paduaäpaꝛ) — 


palliſer (Cape) — 
Palma (Iſle) —— 


panama xk 
Pacom (Iſle) . 
Para (Grande) = —— 
Paris (Obſerv.) — 
Patrixfiord 
Pau 
St. Pauls (Ile) — 


palliſer's (Iſles) — 


palmerſton's (Iſle) — 
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St. Paul de Leon 
Pekin 
Penobſcot Bay 


[Periguex —— —— 


Per ignan 
St. Peter's Fort 


Peterſburg 

Petit Goave 
Petropawloſkor ——— 
Philade —1—— 
St. Philip's Fort — 


3 Harbour 
ICO — 

Pines (Ifle) ——— 
Piſa 


oitiers — 


Pollingen 


Perinaldi ＋ — — 


St. Peter's (Ile) =— 


| 


Pickerſgill's (Iſle) — 


Piſcataway == mmm 


P ondicher 1 * — — 


Porto 
Porto Bello 


Pontoiſe —— res Wenn 


= | 


0 O O o 


ZZR ZZZ ZZ22 
1 . | 


Sea or 
Country. Latitude. Longitude. 
| j © h / 
tal ——_— 4 N o E 
Peru — 5 8 
Pacific Ocean 15 8 15 W 
N. Zealand —— 41 8 12 E 
Canaries — 28 N o W 
Pacific Ocean 18 9 o W 
Mexico 8 N o W 
Pacific Ocean ——j 16 8 45 E 
Braſil I S| W 
France — BP 7 N} o E | 
Iceland 65 N o N | 
France 43 N o W 14 
Ind. Ocean ns. 37 8 o E f 
France — ——— | 48 N 21 Wj4+ q 
China — 39 N 18 | 
N. America 4.4 N o W | 
France —— | 45 N 1-23 
France — 2 N 5 E | 
Martinico — 4 N 16 W 
Atl. Ocean] 46 N o W 
Ruſſia a: 59 NI 15 2 | 
Hiſpaniola | 18 N 30 W | 
Kamchatka | 53 N o E 
Pennſylvania ————| 39 56 55 N 30 W 
Minorca — — | 39 46 N 30 E 
Atl. Ocean 54 30 83 o W 
N. Zealand 45 27 9 E 1 
Azores. 38 N o W 
N. Caledonia 22 8 o 
Italy 43 N cc 
N. America 43 N 15 W 
England — —— N 38 wis of 
- rancexñwm 4 46 N 5 E | 
ermany 47 N ©: 
India ———| 1 N — E F 
Lapland ʒä !ö 67 N 15 E 
France — — 1 49 N 37 E 
Portugal 41 1 N o W 
Mexico . 9 33 N o W.___ 
adeira eomocmm—mnnms 32 is W : | 
30 | 
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| Sea' or | | 
| Names of Places | Country. Latitude. | Hongitude. | 
| | | a: „ 5 
ort · au- Prince Cuba — 21 26 23 
Prague — —.— Bohemia — 50 4 30 
Prince of Wales's Fort New Wales $8-47 Us 
Providence -{N. England 41 50 40 
Pudyoua N. Caledonia 20 18 © 
Pulo Condor (Ifle) [India Ocean 8 40 © 
Pulo Timon (Iſle) Gulph Siam | 3 9 
yleſtaart's (Iſle) Pacific Ocean [ 22 $3 © 
debec— —|Canada -————|\ 46 55 o N 69 53 
Zimper — France 47 53 17 
St. Quinton France — % 1 
uiros (Cape) N. eee ee 14 56 8 8167 20 
Ut — Peru —— ————!| o 13 17 S 77 55 
R. 
akah (Ancient) — Meſopotamia 36: 1. © N 
amhead c—— England — 50 18 40 N 
e (Iſle) trance — 46 14 48 N 
if {Brazil ———— 8 10 o 8 
eikianeſs (Cape) — Iceland — 63 5; ON 
France ———— ——;| 48 6 45 N 
eſolution (Bay) — Ohitahoo — 9 55 30 
Reſolution (Iſle) Pacific Ocean —— 17 23 30 
Reſolution (Port) — Panna — 19 32 25 
— — France — ä 49 14 36 N. 
Rhodes France —— 44 21 0 N 2 34 20 E 
Rimiai Italy — 44 3 42 12 34 15 E 
10 Janeiro Brazil 2 $4 0 42 43 45 W 
Rochelle France 46 9 21 N 
Rochford France — 46 2 34 N o 58 34 W 
ock of Liſbon Portugal — 38 45 30 NI 9 35 30 W 
Rodrigues (Ifle) —— Indian Ocean — 19 40 40 Si 6310 O E 
Rome (St. Peter's) — Italy — 41 53 54 N 
JRotterdam -— —— |Holland - — 51 56 © N| 4 28 15 E 
Rotterdam (I.) _—{Pacific Ocean 20 16 30 80174 30 30 W 
Rouen eee 49 26 43 N. 
8. 
{Saba (Ile) Carib. sea —-. 17 39 30 N| 63 
Sable (Cape); Nova Scotia ———— | 43 23 45 N| 65 
Sagan —— -—-- ileſia 51 42 12 N} 15 
BaINteS — France — — 4 44 4; N o 
Sainte Croix — France —— 48 o 35 NI 7 
Salee New - Africa 36s 5 © 0 'V 
Sall (Ile) Alt. Ocean ———| 16 38 15 NI 22 
Salonique —— urkey wo 40 41 10 NI 23 
Salvage (Iles) —— Atl. Ocean . >, 2/ 5. 9 


) 


| 
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Taſſagorto 


emont 


— . Palma.. — 38. 0 
peaks — 22 


8 EQO GRA ii I: 
e | Sea or i Hign 
Names of Places. Country. Latitude. Longitude. Wer! 
PID 0 F h. 
Samana — —varm— — — 19 15 O N 69 16 30 W £ 
Sancta Cruz Teneriffe — 28 27 30 NI 16 16 15 W 
Sandwich (Bay) -——|South Georgia — 54 42 o 8] 36 12 O W 
Sandwich (Cape) —-|Mallicola 16 28 o 8167 59 O E 
Sandwich Harbour —|Mallicola — 16 25 20 8/167 53 O E 
Sandwich (Ifle) —— Pacific Ocean 17 41 o 8168 33 E 
Sandy Hook N. America — 1 % 25 o N74 13 o W 
daunders's (Cape) - Sandw. Land 54 6 30 S| 36 57 30 W 
'Saunders's (Iſle) — South Georgia 58 © © Sþ20-58-0 E 
Savage (Iſle) Pacific Ocean 19-2 15 8169 30 30 W 
Schwezingen Germany 49:23 4 NE 8: 4 45 E 
Scilly Ifles (Lights) —|Engliſh Channel — 49 56 O NI 6 46 O W 
Sebaſtian St. (Cape) - Madagaſcar — 36-0 S] 46 25 o E 
Sedan Franee 49 42 29 NI 457 36 E 
Seez France —— 48 36 21 N O 9 49 E 
Senegal ——— ——|Negroland ————| 15 53 o NI 16 31 30 Wiozo 
Senlis » France — — 49 12 23 NI 2 35 © 
Sens France 48 11 56 Nj} 3 16 58 E 
Senones — France — — 48 23 7 N]. 6 57 O E 
Shepherd's (Ifles) Pacific Ocean —— 16 58 o $1168 42 O E 
Shirburn Caſtle ——|England = ————| 51 39 25 NT 1 O O 
3 e n — | — 
Siam . eos neo 14 18 O Noo 50 O E 
Si-ngham-fu [China ———— ——| 34 16 30 N08 43 45 E 
Siſteren — france ———— —| 44-11 21. N 5 56 4 
Smyrna ———-[Natolia — — 38 28 7 NI 27 18 45 E. 
Snæſell (Mount) — Iceland 64 52 20 NI 23 54 O W 
Soi ſſons — France —— — 49 22 32 NI 3 19 28 E 
Sombavera (Ifles) —|Carib. Sea —— 18 38 o N 63 37 30 W 
Soolo . — India — — — 5; 57 O N|:-1 15 30 E 
Southern Thule — Sandw. Land —— 59 34 o 8 27 45 © 
Speaker Bank ——— ndian Ocean —— 4 45 o $| 72 57 O E 
Stalbridge England — — 5 57 o NI 2 23; 30 W 
Start Pointpaꝛ England 50 9g N 
Stockholm — — sweden — 59 20 31 Nis 3 ;; E 
Straumneſs — Iceland — 65 39 40 NI 24 29 15 W 
Straibourg éᷣüvx= äöͤ France — 48 34 36 NI 7 79 18 E 
. [Succeſs Bay ———|Terra del Fuego -—| 54 49 45 S$S| 65 25 o W 
Succeſs Cape [Terra del Fuego ——| 55 1 o 8 65 27 o W 
Sultz France — — 47 53 10 N| 7 14 32 W 
Surat India — — — 121 10 o NI 72 22 30 E. 
1 5a oo | 
Table Tſland N. Render: 15 
Tanna = Pacific Ocean — ——| 19 32 
Taoukaa Ile) ——[Pacific Ocean ———| 14 30 
Taraſcon . France — 1 43 48 
Tarbes — — —ẽ 757 43 14 2 
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Tonga Tabu (Iſle) — 


— — 


— —— — 


Pacific Ocea 


Tonnerer — France — — 47 51 8 NI 3 58 44 E 
rornea — —— sweden — 1 65 5c 50 N 24 12 © 
| JToulon ——— France —— —=—— 43 7 24 NI 5 56 35 E 
Toulouſe —— —-— |France —— ——| 43 35 54 N 121 3 E 
E JTournan —— —— France — — 48 43 57 NM 2 45 15 E 
Tours France 47 23 44 N o 41 11 E 
eng Erramanga ————| 18 43 30 80169 20 30 E 
l alay ———|Ceylon - 8 32 0 NI 81 40 o E 
Tripoli.— —— [Barbary —— — 32 53 40 NI 13 $5 15 E 
Troyes France — — 48 18 2 N 4 4 55 E 
{Turin Italy —— 45 520 N 7 40 O E 
Furnagain (Cape) —|N. Zealand 40 28 o 8/176 56 © E 
{Turtle Iſland Pacific Ocean ———| 19 48 45 S|177 57 o W 
Tyrnaaw —— Hungary 48 23 30 Nl 17 33 45 E 


G EO © RAP HY. 
1. Sea or : 1g 
Fi Names of Places. Country. Latitude. Longitude. Wat. 
| | | * 1 WEI -/ 
Teneriffe (Peak) ——|Canaries ——— ——| 28 12 54 16 29 24 W 
Tercera — Azores 38 45 O N| 27 o W 
Thionville France x- 49 21 30 6 10 30 E 
Thomas St. (Iſle) — Virgin Iſles ————| 18 21 55 NI 64 51 30 W 
[Thule (Southern) —|Sandwich Land — 59 34 © S| 27 45 O W 
Thur France — —— 49 21 28 N 2 18 30 E 
[Timor (S. W Point) India ——| 10 23 © S123 59 O E 
E tFimor Land (S. Poi.) India — 8 15 © 8131 54 O E 
ITobolſki Siberia — 58 12 18 NI 68 12 45 E 
Nola Bay ———— N. Zealand —————| 38 21 30 878 33 45 E 
Toledo Spain — — 39 50 O NI 3 20 o W 
Tomſk — ——  |Stberia - — 56 29 58 NI $4 59 30 E 


219 © 8174 46 O W 


PP 


— 


U. 


iteab „ 
| [Upſal 


Pacihc Ocean 
Sweden K 


Praniberg Denmark 


F rance 


76 45 © 8151 31 oW 
59 51 50 N 17 42 . E 
55 54 15 N 12 52 30 E 


48 28 30 N 5 4 33 Wh 30 


V. 


Valery St. — 
Valparaiſo 
Vu Dieman's Road 
Vannes 
Vence 
Venice — 


FR = ==. 


France 


| Valenciennes —: France 9 


—— 


France —— — — — 


Vallery St. [France x;ka 


Tonga Tabu — 


* * 


Venus (Point) —— 
Verdun 


— — France 


— — taly : — — 
taheite xxx 


W JOE 


— 


— 2 


17 29 17 8/149 35 45 
19 12 O N| 97 3e © 
14 45 O N17 33 o W 
5 22 Jo © 
11 o 


1 J 2. 
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NE N as Sea or S | High | 
| Names of Places. Country. Latitude. Longitude Wat | 
| Es o / 4 | 0:/ + Th @ ms 
Verſailles —— =— |France — 48 48 18 N 2 7 10 E | 2 
Vienna (Obſerv.) Hungary ——— 48 12 40 N 16 22 30 E q 
Vigo Spain n—— 42 14 24 N 8 39 45 W "= 
Vincent St. (Cape)—|Spain —— ———| 37 2 ON 9g 2 o | k 
Vintimiglia taly —— U] 43 53 20 N 7 37 30 WW - 1 
Virgin Gorda (Fort) Weſt Indies 18 18 0 N 64 O OW = 
Virgin (Cape) —— [Patagonia — ——| 52 23 © f 67 54 o Ef .=—- 
Vivier. France — | 44 28 54 N 4 41 22 E. Pp 
Vutzburg —— — Franconia —— || z9 46 6 Ni1013 4; E 
1 
W. i} 1 
Wakefield [England kñx;⸗e 53 41 o N} 1 L ok 
Prince of Wales's Fort — Wales xpvam 58 2 30 NI 94 4 = w i FRM 
Wanſtead —— England ;t 34 10 NI O 2 30 E 11 
Wardhus . — Lapland —- ——| 70 22 36 NI 31 6 45 E. e 
Warſaw [Poland — 52 14 O NI 21 o 30 E n 
eſtman (Iſles) — North Ocean —— 63 20 30 NI 20 27 45 W . 
Whitſuntide (Iſle) Pacific Ocean —— 15 44 20 8168 20 15 E 1 ai 
[William (Fort) —{Bengal —— 22 34 45 NI 88 29 30 E ö 1 
Willis's (Iſles) South Georgia 54 0 o $| 38 29 40 W "HM 
Wilna — Poland 54 41 o NI 25 27 30 E Wl I 
Wittenburg Germany 51 49 © NI 12 41 30 E „ 1 
Wologda Ruſſia 59 19 o N | , i mY | 
Worceſter England — 52 9 30 N 2 o 15 W | 140 
Woſlak — —— Kufa ——— 61 15 © N 1 F849 
| 43 
5 £ | 388 
Ylo — [Peru ——— ——| 17 36 15 S{ 71 43 0 W 1% 
Vork — England a | x 59 5 N 7 2 40 1 
Vork (New) - erſey⁊ãä⁵ — 40 43 O N| 74 9 45 Wiz cif 
Yorkminſt r Terra del Fuego ——| 55 26 20 S' 70 8 © | 
| The Latitudes and Longitudes of the Places in the preceeding Liſt are taken 
from the very beſt Authority, and moſt of them from actual Obſervations. 
| Further Improvements in this efſential Part of Nawigation from experienced 
Navigators, will be thankfully received by the Publ:ſber. 
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E250. Two Places differing only in Latitude given, to find their Diſtance. 
N finding the diſtance of places there are three caſes, 1ſt, when they differ 
only in Iatirade, 2dly, When they differ only in longitude ; and 3dly, When 
ey differ both in latitude and longitude. 
| Note 1. Two places under one meridian, or bearing North and South from 
each other, or in one longitude, are ſaid to differ only in latitude. | 
2. Two places differing only in latitude, the difference of latitude is the diſtance 
required; in which there are two varieties. | 
Noe Places both on the ſame Side of the Equator ; that is, both in North, or both in 
| South Latitude, to find their Diftance. 
Subtract the leſs latitude from the greater, the remainder (reduced into leagues 
or miles) is the diſtance required (62.) ö 
ue Place be on one Side of the Equator, the other on the other Side, that is, one in 
* North Latitude, and the other in the South Latitude, to find their Diſtance. 


Add the two given latitudes together, the ſum (reduced into leagues or miles) 
is the diftance required (62.) 


161. Two Places differing only in Longitude given, to find their Diſtance: 


Note, Two places differing only in longitude, lie Eaſt and Weſt from each 
other, and are either in the equator, or elſe in one parallel of latitude, 


| To Places in the Equator, their Longitudes being given, to find their 

1 Diftance. | 

1. If the longitude be reckoned all round the globe, from the firſt meridian 

Eto 360 degrees, then ſubtract the leſs longitude from the greater, the remainder, 
Hf leſs than 180 degrees is the diſtance required; but when 'tis more, ſubſtract it 

tom 360 degrees, and this laſt remainder is the diſtince. 

2. If it be reckoned from the firſt meridian 180 degrees Eaſt and Weſt, then 

te rule is thus. 

If both lopgitudes are Eaſt, or both Weſt, ſubtraQ the leſs from the greater, 

the remainder is their diſtance ; but when one place is in Eaſt, and the other in 
Weſt longitude, add them, and the ſum (if it exceed not 180 degrees) is the 


diſtance, and when it doth exceed 180 degrees, ſubtract it from 360 degrees, the 
remainder is the diſtance required (9o.) 


Tito Places in one Parallel, or b:th in cone Latitude, their Longitudes 
4 given, to find their Diſtance. 


«Xx a WF LE 


5 1 demand the diſtance between the Lizard and Pengwin iſland in Newfound- 
land, ſuppoſing the latitude and CEE as below ? 2 — 


mo d. m. 
Lizard c i ne” 


— ICI 


gubtract from - — - 90 o Diff. in Long. 47 36 


Rem. is the Comp. Lat. 40 © | 
Theſe places are ſuppoſed both in the latitude god. om. N. whoſe complement 
bs 40d. om. 

To delineate this problem ſtereographically on the plane of the meridian of the 


Lizard. 
| 1. Deſcribe 


GEOGRAPHIC PROBLEMS. 
1. Deſcribe the circle EPQI, with a chord 
of 60 deg. and quarter it with the two diame- 
ters or right circles PAI, and EAQ; then is 
P the North pole, I the South pole, and 
E AQ the equator. | 

2. By (111) make the angle EPN, equal 

to 47d. 36m. (the difference of longitude) by 
drawing the oblique circle PONI, with the 
ſecant thereof. 

3. Make PZ equal to 40d. om. (the com- 
ple ment of the given latitude (by 115). 

4. Through Z draw the parallel circle 
ZOLC (by 118) with the tangent of 40d. om. C 
(the complement of the given latitude) to 9 
cut the oblique circle PONI in O; then Z | 
repreſents the Lizard, and O Pengwin Iſland, both in one parallel of latitude. i 

5. Then through Z and O draw a great circle, as is the oblique circle ZOC, i 
and *tis done; for ZO on the oblique circle is the diſtance required, which is 
meaſured by (116.) 

To find their diſtance by trigonometry, *tis to be noted, 

That in the oblique ſpheric triangle ZPO. 

1. The ſide ZP equal to PO is the comp. of the lat. 4od. om. 

2. The angle ZPO the difference of longitude 47d. 36m. 1 | 

3. The fide ZO the diſtance of the two places; which to find, let fall the per- 
pendicular PB (by ee an oblique circle with the fecant of 23d. 48m. half the | 
given difference of longitude to cut the oblique circle ZO m B, and it divides the 
oblique ſpheric triangle into two equal rectangle ſpheric triangles PBZ and PBO, 1 
in each, the hypothenuſe and one angle is given. 4 

1. The angle ZPB equal to BPO, is half the difference of the longitude } 
23d. 48m. | . 

* The leg ZB equal to BO, is half the diſtance required. 

Therefore the proportion by (135) is thus, : 
As radius is to the ſine complement of the latitude, fo ts the fine of half the 
difference of the longitude to the fine of half their diſtance required. But in ſhort } 
thus, MR 

As radius -» S hypot. PZ : : S. angle ZPB.-+-S, leg. ZB ; the diſt. 
As S. god. . S. 4od. om. : : S. 23d. 48m. . S. 15d. zm. | 

Which being doubled, makes the diſtance 3od. 4m. or 1804 minutes, which is 
the diſtance between the Lizard and the Pengwin iſland, in the arc of a great 
circle, See the difference between this and Mercator, (102) where the diſtance Wai 
on the loxodromic curve 1s 1836 miles. I 


152. Two Places differing both in Latitude and Longitude, their| 
Latitudes and Longitudes being given, to find their Diſtance. One 
Place in the Equator, and the other towards either of the Poles. Ml 
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| EX. A Id 2 Þ Eo 4 
Suppoſe the Lizard, and the entrance of the river Amazons, their latitudes and Ml 
longitudes being as followeth, I demand their diſtance? iN 


d. Mm. d. m. 5 ; 1 
Lizard 49.57 5. 14 W = 
Amazon river þ Lat. { o. 48 Long. Po W | in 


Difference of longitude ee 44-42 | 
| To 
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GEOGRAPHIC PROBLEMS. 
To delineate it Rereographically on th 
Plane of the meridian. of the Fuad * 

1. The circle being deſcribed, and quar- 
tered as before, make EZ on the primitive 
circle equal to 49d. 57m. the latitude of the 
Lizard, by (115.) - 

2. By the ſame problem, lay 44d. 42m. 
the given difference of longitude, on the right 
circle EAQ (which is the equator) that is, 
take the half tangent 44d. 42m. the contrary 
way, and lay it from E to N. | 

3. Then through Z and N draw a great 
circle, as is the oblique circle ZNC, . tis 
done: for ZN meaſured by (116) is the diſ- 

| | tance required. 

But to find their diſtance by trigonometry, obſerve, 
1. That in the rectangle ſpheric triangle, ZEN. 
2. The leg ZE is the latitude of the Lizard, 49d. 57m. | | 

I be leg EN, the difference of longitude between them, equal to 44d. 31m, 

3- The -. roy ZN, their diſtance required, to find which, by (138) the 
| is thus: 
=, radius is to the fine complement of the Lizard's latitude, 
© So is the fine complement of their difference of longitude, to the fine comple- 
went of their diſtance required; but in ſhort thus, | 
© Radius--S. c. leg. ZE: :S. c. leg EN. -- S. c. byp. ZN the dift. 
S8. god. . S. god. 3m. : :S. 45d. 18m. . S. 27d. 13m. whoſe complement is 
ad. 47m. equal to 3767 minutes, is the diſtance between the Lizard and river 


Eag3. Two Places lying towards one of the Poles, that is, both in 
EF North Latitude or both in South Latitude, their Latitudes and 
Lengitudes being given, to find their Diſtance. 
EX AM EF L KF 


E I demand the diſtance between the Lizard and the iſland Barbadoes, ſuppoſing 
Ether latitudes and longitudes as follows:? N 


Lizard : 49-57 | : 5-14 W. 
I. Barbadoes } Lamas 1 12.58 IN. longitude { 38.59 W. 
Difference of longitude - - „ 65 


* 3 33+3 

EF” To delineate this ſtereographically on the plane of the meridian of the Lizard. 

1 * 1. Having deſcribed the primitive circle, 
and quartered it as before, make the angle 

EPM (by 111) equal to 33d. 36m. the given 

difference of longitude, by drawing the ob- 

lique circle PLI, with the ſecant thereof. 

2. On the primitive circle (by 115) make 
PZ * to 40d. 3m. the complement of the 
Lizard's latitude, by laying the chord thereof 
from P to Z. | 

| I Draw the parallel circle aLt (by 118) at 
12d. 58m. (Barbadoes latitude) diſtance from 
the right circle EAQ, the equator, to cut the 
oblique circle PLI in L. 

4. Then through Z and L draw a great 
G circle, as the oblique circle ZLC, and it 1 
done; for ZL (meaſured by 116) is the diſtance required. 


But 


Who 
to the 
thus 
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But by ſpheric trigonometry, to find their diſtance, it is to be noted, 
That in the oblique ſpheric triangle Z P L. 

1. The ſide P Z is the comp. of the Lizard, lat. 40d. zm. 

2. The ſide PL is the comp. of Barbadoes, lat. 77d. 2m. 

3. The angle Z P L their difference of longnude 53d. 36m. 

4. The fide Z L their diſtance required. 

To find which, by (143) the rule is, . —_— 

Firſt, As radius is to the fine complement of the difference of longitude ; ſo 
is the tangent complement of the greater latitude to the tangent of a fourth arc. 

Which being ſubſtracted from the complement of the leis latitude, when the 
difference of the longitude is leſs than go degrees; but when more than go 
degrees from its ſupplement to 180 degrees, the remainder is the refidual are, 

Then, | 
Secondly, As the fine complement of the fourth arc aforefound, is to the ſine 

complement of the refidual are; ſo is the fine of the greater latitude to the fine 

complement of the diſtance required: But in ſhort, as follows: 9 

As radius -- S. c. angle ZPL: : T. fide ZP. T. 4th arc. 

As S. god... S. 36d. 24m. ; : T. 40d. zm. T. 26d. 31m. 

| which being ſubſtracted from the fide PL 77d. zm. 

Remainder is the reſidual arc - - - - - g5god. 31m. 

'Then again ſay, 

As S. c. ; 6 arc · S. c. refidarc : : S. c. fide ZP. S. c. fide ZL. 
As S. 63d. 29m. . S. 39d. 2gm. : : S. 49d. 57m. . . S. 32d. 57m. | 
Whoſe complement 57d. zm. or 3423 minutes, is the diſtance from the Lizard 


to the iſland of Barbadoes in the arc of a great circle ; or by (147) it is ſolved 
thus : | 


8. 4od. zm. - 9.808519 

S. 77d. 2m. - - 9.988782 

S. c. 53d. 36m. = 9.773361 | 
9.570662 Nat. num. 37210 

S. e. 40d. 3m. = 9.883936 

8. c. 77d. zm. 9.350992 


9.234928 Nat. num. 17176 
The nat. coſine is 57d. m. 54386 


154. 7 wo Places, one in North Latitude, the other in South Latitude 
their Latitudes and Longitudes given to find their Diſtance. 


KYXYAMFLE 


I demand the diſtance from Cape Cod, in New-England, to C Bona | 
tanza, or Cape of Good Hope in Africa. | 1 wing 


_ | d. m. 1 d. m. 
ape | 2 12 N. I rang £68 5s W. 
C. Bona Ep. Flat. 12 7 8. * 5 - E. 


Difference of longitude is - - — =- 88. 30 


To delineate it ſtereographically on the plane of the meridian of Cape 

1. The primitive circle bein deſcribed, and quartered as 1 
ke by (171) the angle QF! equal to 88d. zom. the given difference of 
omgitude, by drawing the alique circle PMI with the ſecant thereof: But 
the ſecant is ſo large that it is not eaſy to do; therefore in ſuch caſes, lay it an 
the right circle EA Q, the equator by (115) from Q to M, that is, from the. MM 
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2. On 12 circle, 0 (115) make PZ equal to 47d. 48m. the 
Cape Cod's latitude. 
3. Draw the parallel circle a Dt, by (118) at 34d. 7m. Cape Bona Eſpe- 


ranxa, lat. (or diſtance from the right circle EA Q the equator) to cut the 
= oblique PMI in D, repreſenting Cape Bona Eſperanza. 


4+ Through Z and D, draw a great circle, as the oblique circle Z D C, and 
It is done : For Z D, meaſured by (116) is the diſtance qt 
By ſpheric trigonometry, to find their diſtance, it is to be conſidered, that in 
the oblique ſpheric triangle Z D P. 
1. The fide P Z, is the comp. of Cape Cod's latit. 47d. 48m. 
2. The fide P D the diſtance of Cape Bona Eſperanza from the North pole, 
or its latitude added to god, that is 124d. 7m. 
3. The angle DP Z their differ. of longitude 88d. zom. 
4. The fide Z D their diſtance required, which is thus found, by (143) the 
proportions are theſe, 
Firſt, As radius is to the fine complement of their difference of longitude ; ſo 
is the tangent complement of one of the given latitudes to the tangent of a 4th 
arc : and then, 


154. * If the difference of longitude be leſs than 
| d. ſubtract the 4th arc out of the other 
- atitude, added to god. but if the diff. long. 


be more than god. from the ſupplement 
thereof to 180d. the remainder is the reſidual 
arc: And then, 


M „ Secondly, As the fine complement of the 
; fourth arc is to the ſine complement of the 
8 reſidual arc; ſo is the ſine of the latitude 


* ) i ſirſt taken to the ſine complement of the diſ- 
4 2 t tance required: But in ſnort thus, 


As radius S. c. ang. DPZ : : T. fide PZ . T. 4th arc. 


As S. god. . 8. 1d. 3om.: : T. 47d. 48m. T. 1d. 39m. which being ſub- 
tracted from the fide PD - - - - - - - - - 124d. 7m. 


— — 


The remainder is the reſidual arc - - - - 1224. 28m. 
| Then again ſay, 

8. c. 4th arc · S. c. reſidual arc: : S. c. fide PZ -- S. c. fide ZD. 
8. 88d. 21m.--S. 32d. 28m. : : S. 42d. 12m. . S. 21d. gm. 
Which added to - - - - - - - - - - - god. om. 
The ſum is the fide ZD their diſtance -' -' IId. gm. 

Or 6669 minutes is the diſtance from Cape Cod to Cape Bona Eſperanza, bs 

the arc of a great circle. 5 


— 


"BY | „% 


eie Trigonometry applied in fundry Afronemic Problems, gc 


e a in the Art of Navigation. 5 
de reader has before him a globe, he will eaſier conceive the following 
definitions, and he may form the different triangles with threads, or pieces 
whalebone upon the ſpherical ſurface, which exerciſe will render the application 
of ſpherical trigonometry to the ſolution of aſtronomic problems, much — 


Ar Ove v7T T8 


circles. 
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facile and pleaſant, and not a little conduce to the conception of the different pro- 
jections on a plane. | | 


135. Agronomic Definitions. 
The circles drawn upon the ſurface of the ſphere are either great or leſs 


I. The great circles, and their poles deſcribed. | 

Great circles are thoſe which divide the globe, or ſphere into two equal parts, 
and are principally theſe fix ; the equinoctial, ecliptic, meridian, horizon, circles 
of longitude, and azimuth. | 

1, The equinoctial is a great circle which lies in the middle between the two 
poles of the world, and conſequently each pole is go degrees diſtant from it, cut- 
ting all meridians at right angles, and divides ho world into the Northern and 
Southern hemiſphere, as the right circle EAQ in Plate Aftronomy, fig. 1 and 2. 

The poles of the world are two fixed yu in the heavens, * 
oppoſite to each other, the one in the Northern hemiſphere, called the (arctic or) 
North pole, the other in the Southern hemiſphere, called the (antartic or) 
South pole, as P and I, fig. 1 and 2. : 

The axis of the world is an imaginary line drawn ſrom pole to pole, about 
which the diurnal motion from Weſt to Eaſt is performed, as PAI. | 

2. The ecliptic is a great circle croſſing the equinoctial, in the beginning of 
Aries and Libra, making an angle (called its obliquity) of 23d. 28m. as the 
right circle 93 A Vp. | 


This circle is divided into twelve equal parts called ſigns, each containing 30 


degrees, whoſe names and characters follow. 
Aries T Libra 2 
Taurus 8 called Scorpio m canes 


Gemini n Sagittarius 
Cancer ary Capricornus V Southern 


Ta v Signs. E is Signs. 
Virgo mp Piſces = 


- . 


The zodiac is a zone or girdle, having eight degrees of latitude on each fide FR 
e their revolutions, being divided . Wy 


the ecliptic ; in which ſpace the planets m. 
and diſtinguiſhed by the twelve figns, 


N. B. As all the right circles are circles of the ſphere projected into right lines, 


half the circle only is immediately preſented to view. 

The poles of the 1 are two oppoſite points 23d. 28m. diſtant from the 
poles of the world; as K and L. 7 

J. The meridians are great circles, paſſing through both poles of the world, 
and croſs the equinoctial at right angles, as PEI, PMI, &c. Fig, 1 and 2. 

The colures are two meridians, dividing the equinoctial and ecliptic into four 
equal parts; one of theſe 2 by the equinoctial points Aries and Libra, and 
is called the equinoctial colure; as PAl, Fig. 1. | 


The other paſſeth by the beginning of Cancer and Capricorn, and is called the 1 | 


ſolſtitial colure; as P EI Q. Fig. 45 | 
The ſun's meridian is that meridian which paſſeth over the ſun's center. 
3 ſtar's meridian, is that meridian which paſſeth through the middle of that 


4. The horizon ig a rows circle go degrees diſtant from the zenith and nadir, 

cutting all azimuth circles at right angles, and dividing the world into two equal, 

ya the upper and viſible hemiſphere, and the lower and inviſible hemiſphere. 
circle is repreſented by the right circle S AB. Fig. 2. : 


The zenith and nadir are two points diametrically oppoſite, and are the poles of 3B | 


horizon : the zenith is the vertical point, or point right over our heads, as Z ; 
he nadie is def oppoſite thereto, a N. ig. 2. n 
| IN L 2 5. The 
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132 ASTRONOMIC PROBLEMS. 
5. The 'azimuth, or vertical circles, are great circles meeting in a point, or 
interſecting each other in the zenith and nadir, and croſs the horizon at right 
angles, as ZCN, Z AN, &c. | 7 
| The prime vertical, is that azimuth circle which paſſeth through the Eaſt and 

Weſt points of the horizon, as the right circle Z AN. 
VB The meridian of a place, is that meridian which paſſeth through the poles of 
E the world, and the zenith and nadir of the ſaid place, as ZPBNISEZ. Fig 2. 
3 6. Circles of longitude, are great circles meeting in a point or jncerUBing 
each other in the poles of the ecliptic, as KAL, or KVL. Fig. 1. 

II. The leſs circles defined. 

L eſs or ſmall circles are thoſe which divide the ſphere into two unequal parts, 
aud when drawn parallel to ſome great circle are called parallel circles; they are 
of three kinds, viz. parallels, of declination, parallels of latitude, and parallels 
of altitude. | | 

1. Parallels of declination are (leſſer circles) parallel to the equinoctial, ima- 

'gined to paſs through every degree and minute of the meridian, between the 
equinoctial and each pole of the world, as Sf g, ypht. Fig. 2. | 
The two tropics are parallels of declination, 23d. 28m. diſtant from the 
* equinoCtial, limiting the ſun's greateſt declination, either North or South. 

The North tropic, paſſeth by the beginning of Cancer, and is called the Tropic 
of Cancer; as S fg. Fig. 1. Pk 

The South tropic paſſeth by the beginning of Capricorn, and is called the 


| * Capricorn; as WM hi. Fig. 1. 
nel 


lar circles, are parallels of declination, 66d. 32m. diſtant from the 


ial, and 23d. 28m. from each pole of the world. 
That which is adjacent to the North pole is called the arctic circle, as K no; 
nud the other the antarctic circle, as L pr. Fig. 1. | 
| 2. Parallels of latitude are (leſs circles) parallel to the ecliptic, imagined to 
paſs through every degree and minute of the colures, between the ecliptic and the 
Poles thereof, as wX y. Fig I. ; 

3. Almicanters, or parallels of altitude, are (ſmall circles) parallel to the 
horizon, imagined to paſs through every degree and minute of the meridian, 
between the horizon and the zenith, as a 1 t. Fig 2. 


> Spheric Trigonometry Reftanguiar, applied in Aſtronomical Problems, 
| uſeful in Navigation. 
1 And becauſe the ſun's place in the ecliptic, is the ground of the ſucceeding 
= problems, you have here (out of Mr. Thomas Street's memorial verſes on the 
ecclefiaitic and civil calendar) a general rule. 
3. To know the day of the month the fun entereth any of the twelve figns. 
The Rule. Twice twenty, twice one, four threes, twice two, 
; Then twenty, nineteen, that will do; 
That is 8 25 March the firſt month, the ſun enters 


o Y March 204 & july 23] 8 f November 22 

1 8 April 2015 m Auguſt 231 9 vs December 22 

| 2 H May 2116 « September 23 | 10 r January 20 

. 3 25 June 21|7 m October 23 | 11 “ February 19 
In the Nautical Almanack the ſigns are diſtinguiſhed by the numbers prefixed, 
” thus 5S. 14% 247 45“ ſigniſies that the ſun, moon, &c. is 14 degrees, 24 min. 

45 tec. in m. Virgo. 333 5 

2. To find the degree of the ſun's place on any given day. 
Tube rule. From the day of the month given, if you can; ſubtra& the day of 
his entrance into the ſign of that month, the remainder is the degree of the ſun's 


| in that ſign. Or elſe. 
*** 2 


ee. 


ec 


th 
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When you can't ſubtract, add 3o to the day given, and from the ſum ſubtra& 
the day of his entrance into the ſign of that month, the remainder will be the 
degree of his place in the ſign prece:-ding the month given. 

ER; EL: © 1. 
5 March ziſt, I deſire to know the ſun's place? 
From March the 31, the day given, ſubtract the ſun's entrance, Y March 20 
The remainder 11 is the degree of the ſan's place in V. 
ES M7 40 2. / 

May the 15th, I deſire to know the ſun's place? 
* _ day given, May the 15th 
A 


| Sum is >—— 45 from which ? 79M 
Subtract the ſun's entrance in N May 21 
| ED 


Remainder is the ſun's place in 8 24 Degrees. 
This rule gives the ſun's place within a degree; but for aſtronomical calcula- 


133 3 


tions it muſt be found exactly by aſtronomical tables, or taken out of the Nautical {| 


Almanac, where it is ready calculated. | 


156. The Sun's Place in the Ecliptic, and his greateſt Declination 


given, to find his Right Aſcenſion, and preſent Declination. 


The ſun's greateſt declination is 23® 27/ 59//, but may be eſteemed for this f 


century and great part of the next 23d. 28m. in all aſtronomical calculations. 
Definition 1. Aſcenſion, is the riſing of the ſun, ſtar, or any part of the 
equinoctial above the horizon, and deſcenſion is the ſetting thereof. 
2. Right aſcenſion, is an arc of the equinoctial, intercepted between the begin- 
ning of Aries, and any meridian, and counted according to the order, or ſue- 
ceſſion of the ſigns. Or, it is that degree and minute of the equinoctial (counted 


as before) which cometh to the mcridian with the ſun, ſtar, or with any part of 


the ecliptic, as AM, Fig. 1. 


3. Declination, is an arc of a meridian contained between the ſun, or ſtar's ! 


center, and the equinoctial, as MC. Pg 
4. The ſun's greateſt declination is an arc of the ſolſtitial colure, contained 
between the equinoctial and the ecliptic, and is equal to 23d. 28m, as E a, and 


QM. Fig. 1. | 
| E-X AM -F Jo 
The ſun being in 24d. 15m. of Taurus; I demand his right aſcenſion and 


declination. 


In the rectangle ſpheric triangle AMC. Fig. 1. 

i. AMC the right angle. | 

2. AC the ſun's longitude from the next equinoQial point, 

3. AM his right aſcenſion from the ſame point, 

4. MAC the ſun's greateſt declination, equal to 23d. 28m, 

N MC his preſent declination. 3 | 

ote, The ſun in V, 8, IIs W. , M; the neareſt equinoctial point 1s the 

beginning of V: But when the ſun is in S, K, m, m, or , the neareſt 
equinoctial point is . : 


the neareſt equinoctial point V. 
To project this problem ſtereographically on the plane of the ſolſtitial colure. 


So that in this problem. the ſun being in B 24d. 15m. he 1s 54d. 15m. from | 


1. Deſcribe the primitive circle with a chord of 60 degrees, and quarter it with | | 


placing A at the cent 


two right circles, E AQ (the equinoctial) and P AI the equinoQual-colure) 
ET Q1 
colure. 


13 


the ſaid primitive circle, which now is the folttitial 
2. Make 


— . R— a 6. 
5 8 8 
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| 2. Make by (111) the angle EA > equal to 23d. 28m. (the ſun's greateſt 

E declination) by laying the chord of it from E to S8, and drawing the right circle 
& A Vs the ecliptic. | | | 

3. The ecliptic is divided into 12 ſigns, each zod. from the ſcale of half-tan. 
gents, by (115). - | | 

4. On the ecliptic make A C equal to 54d. 15m. (from the ſcale of half. tan. 

nts) by (115). 

. hn 1 draw from C a great circle perpendicular to EAQ, as is 

the oblique circle PCMI, to cut EAQ in M, and it is done. 

For in the reQangle-{plieiic-triangle AMC, the legs AM and MC are the two 
* things required, and may be meaſured by (116.) 7 

But by ſpheric-trigonometry, having the hypothenuſe and one angle given, 
the proportions are as follow. - | 

1. To find the ſun's right aſcenſion, by (135) it is thus: 

' As radius is to the fine complement of the ſun's greateſt declination ; 

So is the tangeat of the an's longitude from the neareſt equinoctial point, to 

the tangent of the ſun's right aſcenſion, from the ſaid point. Or thus, 

4s radius S. c. angle MAC : : T. hypot. AC. T. leg AM. 
As S. 90. S. 66d. 32m. : : T. 54d. 15m. . T. 5 id. 5 zm. 

Note, This proportion finds the ſun's right aſcenſion only when he is in the firſt 
quarter of the ecliptic, that is in V, , or IT ; but when the ſun is in the ſecond 
quarter &, N, or m, it muſt be ſubtracted from 180d. and when he is in =, m, 
or , it muſt be added to 180d. and in 1. laſt quarter M., 22, or 5c, what is 
found by this proportion muſt be ſubtracte 
ſun's right aſcenſion from V for any place in the ecliptic deſired. 

3. To find the ſun's preſent declination, by (135) it is thus: 

As radius is to the fine of the ſun's longitude from the neareſt equinoctial point; 

So 15 the fine of the ſun's greateit declination to the fine of the ſun's preſent 
declination. Or thus : . 

As radius . S. hypot. AC. : : S. angle MAC. . S. leg. MC. 

As S. god. . S. 54d. 15m. : : S. 23d. 2*m. : S. 18d. 51m. 

Note, The ſun being in any of the Northern ſigns, T, 8, In, S, A, or 
N. his declination is North; but when in any of the Southern ſigns , m, f, 
W. . or *, his declinatioa is South. | 

1 _=_ reQangle-ſpheric-triangle AMC, may the two ſucceeding problems be 

reſolved. | 


- 157, The Sun's Right Aſcenſion being given, to find his Place in the 
Ecliptic, and his Declination. 

| EX AMP Le 
The ſun's right aſcenſion 128d. gm, where is his place in the ecliptic, and what 
z his declination ? | 
lere is onc leg and its adjacent angle given; to wit, the leg AM 51d. 51m. 
E the right aſcenſion (ſubtracted from 180d.) and angle MAC 23d. 28m. the ſun's 
E ret declination; which triangle may be made by (121) and its ſolution is 
by ; 


136). | 
* 1. For the Sun's place in the ecliptic, it is thus; 
T. leg AM -- Radius: : S. c. angle MAC: : T. c. hyp. AC, or 
As ws, Fg 8. e. ang. MAC: : T. c. leg AM: : T. c. hyp. AC, 
8. — „S. 66d. 32m. : T. 38d. gm. : T. 35d. 46m. 
Which ſubtract from - » - 90d. om. 


Bae ges the fun's longitude - . 5d. 23m. Or what it wants of 
; ſo that his place is 3d. 47m. in & · 1 


22, For 


from 360d. and fo you will have the 


mo & 


of 


49 ö pe cw 
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| 2. For the ſun's preſent Declination, it is thus; 

As T. c. angle MAC. Radius: : S. leg AM: T. leg MC, or 

As radius: S. leg AM : : T. angle MAC . T. leg MC. 

As S. god. . . 8. 51d. 5 im.: : T. 23d. 28m. T. 18d. 51m. the ſun's 


declination North decreaſing. 


158. The Sun's Declination given, to find his Place in the Eclipti c 
| and Right Aſcenſion, 
EXAMPLE. 


The ſun's declination 16d. 39m. South increaſing ; I demand his place in the 
ecliptic, and his right aſcenſion. | . 
Here is a leg and its oppoſite angle given ; that is, the angle MAC 23d. 28m. 


the ſun's greateſt declination, and the leg MC 16d. 39m. his preſent declination, : 


which triangle is made by (122) and ſolved by (137). 
2 I. To find his Place in the Ecliptic, it is thus: 
As S. angle MAC -- Radius: : S. leg MC -- S. hypot. AC. F 

As S. 23d. 28m. -- S. god. : : S. 16d. 29m. : S. Abd. 1m. the ſun's longitude 
wy , becauſe his declination is South increaſing ; ſo that the ſun's place 1s 
16d. 1m. in m. | 
2. For his right Aſcenſion, it is thus : 
Radius -- T. c. angle MAC : : T. leg MC. S. leg AM. 
T. 45d. -- T. 66d. 32m. : : T. 16d. 39m. + 8. 43d. 30m. 

To which add - - - - 180d. om. 


The ſum is the ſun's right aſcenſion - - - 223d. 32m. from V. 


159. The Latitude of a Place, and the Sun's Declination given; t0 | ms i 


find the Sun's Amplitude, and Aſcenficnal Difference. 


Definition 1. Latitude of a place, or latitude upon the earth, is an arc of the | | | " 
meridian of that place, contained between the zenith (of that place) and the equi- 
noctial Z E; equal thereunto is the height of the pole above the horizon, as BP. 


Fig. the 2d. 


2. Amplitude, is an arc of the horizon, contained between the ecliptic and the 6. 
equinoctial, and ſheweth how far the ſun, or any ſtar, riſeth or ſetteth from the a 


Eaſt or Weſt points of the horizon, as AR. Figure the 2d. 


3. Aſcenſional difference, is the difference between the right aſcenſion, and the 
oblique aſcenſion, or deſcenſion: Or it is an are of the equinoQial, contained nel 

th through the ſum or . 
ſtar's center, or any point of the ecliptic, in their riſing, or in their ſetting, as al 


between the hour circle of ſix, and that meridian which paſſe 
AT, or the angle APT. 


12 — is an arc of the equinoRtial contained between the WM 
in P 2 5 j : 9 | Ws. 
beginning of V, and that part of the equinoctial that { Riſerh 3 with the center 


Setteth 


of the ſun or ſtar, or with any point, part, or portion of the ecliptic, in an obliqus : 


ſphere. 1 8 : 
E XA I FP hb 


Latitude 51 3" R , Amplitude. 
Sun's dec. 1 28 North given; whatis the — diff. 
In the rectangle · ſpheric- triangle PBR. Fig. 2. 
1. PBR the rectangle. : | 
2. PB the latitude, or height of the pole above the horizon. 
3. PR the complement of the ſun's : lination, 

wh IM 


d. m. 


= 5 — 
* j . 1 Y - — * — _ - EET —— 4 
** 

{ 4 . : . - — — — n - — 23 
a avs . — — T4, mY oC LEE OBA: par wy ey 77 OS 7 * — — r — So" po „ — — — — — * — 4 — — — — 

A as He —— — ——— — — FR — 22 — 22 — — — — — — — 

: n — 1 — —— . — 
do 0 — * = —__ — 
dat r =_ - * 8 = 8 == nl _ — — 


4 * 4 * A: et * * 2 C * 9 
r + in : YT” IN OT ONT = * * * 2 
SEES; Wes ” oy 
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4. BR the complement of the ſun's amplitude. 

5. BPR the complement of the ſun's aſcenſional difference. 

Or, in the right angled triangle ATR, there is given TR the ſun's declination ; 
and the 'angle TAR equal BQ (117) the complement of the latitude, to find TA 
the aſcenſional difference, and AR the ſun's amplitude. | 

To project it ſtereographically on the plane of the meridian. 

F 1. The primitive circle being Jefcribed and quartered with two right circles 
E -1 gt 1 horizon, and Z AN the prime vertical, with A at its center, Figure 
| 2d. | | 
| 2. On the primitive circle lay the latitude 51d. 31m. from B to P, and from 
Z to E, by (115) and draw the two right circles PAL for the axis of the world, 
or hour circie of fix, and EAQ the equinoctial. 

3. Then by (118) draw zz f g parallel to EAQ at 23d. 28m. (the given 
decline on) from it, to cut the horizon SAB in R, the place of the ſun's riſing 
and ſetting. | 

4. Through P, R, and I, draw an oblique circle, and it is done; for in the 
rectangle ſpheric triangle PBR, the leg BR, and angle BPR are the two things 
required, and may be meaſured by (116) and (117.) 
| But by trigonometry, having the hypothenuſe P R 66d. 32m. and leg BP 514, 
Zim. given, the proportions are thus by (134.) 
1. To find the ſun's amplitude, the proportion is, 
As the ſine complement of the latitude is to the radius, | 
So 15 the fine of the ſun's declination to the fine of the ſun's amplitude. Or thus, 
As S. c. leg BP. . Radius: : S. c. hyp. PR. S. c. leg BR. 
As S. 38d. 29m. . 8 god. : : S. 23d. 28m. . S. 39d. 47m. 
Note, The arzplituce and declination are ever of one name, that is, both North 
or both South. 
2. To find the aſcenſional difference, the proportion is, 
As the radius is to the tangent of the latitude, 


So is the tangent of the ſun's declination, to the fine of the ſun's aſcenſional 


flifference. Or thus, | 
As radius . T. leg BP: : T. c. hypot. PR.. . S. c. angle BPR, 


A T. 45d. -- T. 51d. 31m. : : T. 23d. 28m. . S. 33d. 6m. the ſun's aſcen - 


© fiona! difference. 

160. The Latitude of a Place, and the Sun's Declination given, to 

BP find his Oblique Aſcenſicn or Deſcenſiun. 

© The rule. 1. Find the ſun's right aſcenſion by (158) and the aſcenſional 

E difference by (159) then, | | 

2. When the lati:nde and declination are both North, or both South, the 

E afceafional differenc added to, and ſubtracted from the ſun's right aſcenſion, the 
firft is the oblique deicenfion, the latter is the oblique aſcenſion. 7 | 

3. When the latitude and declination are one North, and the other South, add 

Land ſubtract as before; the firſt is the oblique aſcenſion, and the latter is the 

© oblique deſcenſion. | | 

E Note, When you cannot ſubtract, add 360 degrees to the right aſcenſion, and 

then tubtraQ ; alſo when you have added, if the ſum exceeds 360 degrees, ſub- 

tract 360 degrees therefrom, the remainder is the thing required. 

= . . | 

E In the triangle BAF. fig. 1. there is given the angle BAF 23d, 28m. and the 

ide BF to find AB, the ſun's right aſcenſion thus, 

Lat. 51d. 31m. North, ſun's declination 15d. 4om. South decreaſing, given, 

What is his oblique aſcenſion and deſcenſion? Fig. 1, | 


— 


1, For 


- 


— 
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1. For the ſun's right aſcenſion, it is thus 
As radius · T. c. angle BAF: : T. leg. BF. S. leg AB 


40m. . S. 40d. 14m. 


As T. d.. F. 66d. im.: : T. 15 
360d. om. 


Which ſubtract from 


Remainder is the ſun's right aſcenſion from Y 319d. 46m. 
2. For his aſcenſional difference (159) 
As radius «+ T. latitude : : T. O declin.--S. G aſcen. diff. 
As T. 45d. ++ T. 51d. 31m. : : T. 15d. 40m. . S. 20d. 39m. 
Which added to the right aſcenſion found above 319d. 46m. from Y 


Added is the ſun's oblique aſcenſion— — 340d. 25m. 
Subtracted is the ſun's oblique deſcenſion — 299d. 7m. 


161. The Latitude and the Sun's Declination given, to find the Time 
of the Sun's Riſing and Setting, and the Length of the Day and 
Night. | | .- + = 
The rule. Find the ſun's aſcenſional difference by (159) which is reduced into 

time, by allowing | | 

15d. om. 1. - - Hour. 
1d. om. þforq4. - Minutes for Time. 
od. 15m. 1, - - Minute 

Or turning it into time by the rule following decimal arithmetic, at the begin- 
ning of this work, then | 

1. The ſun's aſcenſional difference reduced into hours and minutes, added to, 
and ſubtracted from 6 hours, the one is ſun-riſing, and the other ſun-ſetting. 
Note, When the latitude and declination are both North or both South, the ſun 

riſeth before, and ſets after ſix. But if one be North, and the other South, he 
then riſeth after, and ſets before fix of the clock. | | 

2. Double the hour of ſun-ſetting, gives the length of the day ; alſo double 
the time or hour of ſun-riling, gives the length of the night. 

E 4 AM FF HL ©. 

Latitude 51d. 31m. North, ſun's declination 23d. 2m. North given, the fun's | 
aſcenſional difference, by (159) is 33d. 6m. equal in time to 2 hours, 12 
minutes, 24 ſeconds. Therefore the work is as follows. | 

3 
d. m. 6. o. o 
Aſc. AH. 13. 6, rst . 
Add is ſun-ſetting=8.12.24 ot of day 1s = 16. 24. 48 
Subt. is ſun-rifing=3. 47. 36 Length of night is = 7.35.12 
The conſtruction of the five following problems is left for the learner's. 

exerciſe, if neceſſary. 12 

162. Latitude of a Place, and the Sun's Aſcenſional Difference given, 
to find his Declination and Amplitude, | 

| & X-&A MP L 1 
The latitude — — 41d. : 47m. South. 
The ſun riſeth at — = LES, Ya 

Here is a leg, and its adjacent angle given, that is the leg BP 41d. 47m. the 
latitude, and the angle BPR 4h. zom. or: 67d. 3om. the _— of the 
ſun's aſcenſional difference; which triangle is made by (121) and ſolved by (136) 


thus, 
N 1. For 


1 ey TE TORY * WOW 
” 
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24 . 1. For the ſun's declination, 
3 As ladies :- * © ed diff.: : T. c. latitude · T. © declin. 
As S. god. -- S. 22d. zom. : : T. 48d. 13m. . . T. 23d. 11m. N. 
2. For the an 8 | amplitude; it is thus, 
As T. © aſcen. diff. - - radius : : S. latitude . T. c. © ampl ; 
As S. latitude -- radius T.: : O aſcen. diff. T. O N 
As S. 41d. 47m. . S. god. : : T. 22d. zom... T. 31d. 52m. N. 
163. Latitude and Sun's Amplitude given, to find his Declination, and 
| * tonal Difference. 


OW ä 


The latitude — 36d. 17m. North. 
The ſun's amplitude — 19d. 11m. South. 


Here are both the legs given; that is, the leg S 1 36d. 17m. the latitude, and 


the leg S. R. 20d. 49m. the complement of the ſun's amplitude; which triangle 
1s made by (23) and its . is. 438) 7 in this manner. 
For the ſun's declination thus; 
As radius -- S. c. 3 8. S amp. . S. O declin. required. 


As S. god... S. 53d. 43m. : : S. 19d. 11m. S.. . 15d. 21m. South. 
2. For his 3 difference, thus; 


As T. c. © am -- radius : : S. latitude · T. © aſcen. diff. or 
As radius . S. latitude : : T. © amplit. . T. © aſcen. differ. 
As god. S. 36d. 17m. : : T. 19d. 11m. -- T. 11d. 38m. or oh. 47m. 


164. The Sun's Deciinaticn and Amplitude given, to find the Latitude, 
and the Sun's Aſcenſional Difference. 


SS A 8 M7 Lb: Bo 
The ſun's declination — — 19d. 10m. South. 


The ſun's amplitude — — 31d. 3om. South. 


Here is the hypothenuſe and one leg given; for its conſtruction ſee (1 19) and 
for its ſolution (134) 


Note, 'The Linde may be either North or South in this problem. 


16 55. Sun's Declination end , Aſcenſional Difference given, to find the 
4 Latitude, and his amplitude. 


. 
The ſun's declination˖— — 23d. 28m. South. 
The ſun ſetteth at _ _ 3h. 3om. 


"Here is the hypothenuſe and one angle given, 1 — and (135) 


166. Sun's Amplitude and Aſcenſional Difference given to find the 
Latitude, and his Declination. 


_ EXAMPLE. 
| The ſun's amplitude — — 33d. 2om. North. 
The ſua ſetteth at 7h. 


47m. 
Here is one leg, and its appoſite angle given. See (122) and (137.) 
167. The Lathtade of a Place, and the Sun's Declination given, to 
find his Altitude, and Azimuth at the Hour of Six. 


© Definition 1. Altitude is an arc of an azimuth circle, contained between the 
horizon and any parallel of altitude; as bffig2. 
2. Azimuth is an arc of the horizon, contained between the meridian of the 


: - any azimuth circle ; as B b from the . S b from the South, 
22 ExXAM- 


r . e 
x ; * 


ſ 
h 


nd 


nd 
ole 


be 


made by (122) and its ſolution by (137.) _ 
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The latitude — — — 51d. 31m. North. 
The ſun's declination _ = 23d. 29m. North. 

Note, At fix of the clock the ſun is upon the axis PAI, 

In the rectangle ſpheric triangle A b f1 Fig 2, is to be noted. 

1. A bf the rectangle. | 

2. b Af the Jaticade of the place, equal P B (117) 73 

3. Af the ſun's declination, of the ſame name with the latitude. _, 

4+ bf the ſun's altitude at the hour of fix. | 

5. Ab the complement of the ſun's azimuth from the Eaſt at fix in the morning. 
and from the Weſt at 6 in the afternoon ; Northerly in North latitudes, and 
Southerly in South latitudes, | 

To project it ſtereographically on the plane of the meridian. — 

1. Having deſcribed the primitive circle, quartered it, drawn the axis of the 
world PAI, the equinoctial EAQ , and the parallel of declination 28 fg, as 
before directed (159) | | 

2. Through f, where the parallel of declination cutteth the axis PAI, draw 
an oblique circle perpendicular to the horizon SAB by (114) as 1s the azimuth 
circle Z f b N, to cut SAB in b, which forms the rectangle triangle A b f, and tis 
done. ; | 

For the leg A b, the ſun's azimuth, from the Eaſt, or the complement of the 
ſun's azimuth from the North, and the leg b f, the ſun's altitude at fix of the 
clock, are the two things required, and are meaſured by (116). 

But by ſpheric trigonometry, having the hypothenuſe and one angle given, that 
is A f 23d. 29m. the ſun's declination ; and b A f 51d. 31m. the latitude ; the 
leg b f the ſan's altitude, and leg A b the complement of his azimuth at fix of the 
clock, are found by (135.) | 

1. To find the ſun's altitude at fix, the proportion is ; 

As the radius is to the fine of the latitude, ſo is the fine of the ſun's declination, 
to the fine of the ſun's altitude at the hour of 6. Or thus, [IE 

As radius . S. angle b Af: : S. Hypot. Af . S. leg bf. 
As S. god. -+ S. 51d 31m. : : S. 23d. 29m. . S. 18d. 11m. 

2. To find the ſun's azimuth, the proportion by the aforeſaid problem is, 

As the radius is to the fine complement of the latitude, fo is the tangent of the 
ſun's declination to the tangent of the ſun's azimuth from che Eaſt or Weſt, at the 
hour of 6. Or thus, 

As radius . S. c. anglebAf: : T. hypot. Af · T. leg Ab. 
As S. god. S. 38d. 29m. : : T. 23d. 29m. T. 15d. 8m. 
: That is, | | 
At s in the morning the ſun is E. 15d. 8m. N. or near upon the ENE 55 E point 
of the compaſs; and at 6 in the afternoon he is nearly upon the WNW. 1 W. 
point of the compaſs. - | | —_ 

In the ſame triangle A b f, fig. 2, may be reſolved the five problems neck 
following, to exerciſe the young learner. | 5 133 
168, The Latitude, and Sun's Altitude at the Hour of Six given, is nl | 

find his Declination and Azimuth. " 

E X A M P L E. 
The latitudte— — 33d. 20m. South, 
The ſun's altitude — — gd. rom. P. M. 


Here is one leg and its oppoſite angle given; that is, the leg b f gd. om. he 
ſun's altitude, and the angle b A f, 35d. 20m. the latitude; which triangle is 
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. For the ſun's declination, the proportion is, 

As S. latitude . radius: : S. © alt. at 6.+-S. O declination. 

As S. 35d. 20m. . : : 8. 9d. com. -+-S. 17d. 1om. South. 

: 2. For the ſun's azimuth at 6, the proportion is, 
As radius -- T. c. latitude : : T. O alt at 6. S. © azimuth. 

As T. 45d. .. T. 45d. 4om. : : T. gd. 50m. . S. 14d. gm. Weſt Southerly, 
or WSW. 2 W. is the point of the compaſs the ſun is upon. 
169. Latitude, and the Sun's Azimuth at the Hour of 6 given, to find 


his Declination, and Altitude. 
% 
The latitude— — — 36d. 19m. North. 
The ſun's azimuth — = 10d. 14m. North. P.M. 
Here is aleg and its adjacent angle given ; that is, the leg A b 10d. 14m. the 
complement of the ſun's azimuth, and the angle b Af 36d. 19m the latitude; 
which triangle is made by (121) and for its ſolution, (ſee 136.) Which is thus, 
For the ſun's declination at 6, the proportion is, 
As T. c. © azim: . radius: : S. c. latitude . T. c. © Dec. or, 
As S. c. latitude · radius : : T. C azim. + T. O declination. 
As S. 53d, im.. S. god. : : T. 10d. 14m. T. 12d. 38m. N. 
212. For the ſun's altitude at 6, the proportion is, 
As T. c. latitude . radius : : S. O azim. . T. O alt. or, 
As radius -- S. O azimuth : : T. latitude . T. © alt. at 6. 
As S. god. -- S. 10d. 14m. : : T. 36d. 19m. : T. 7d. 26m. alt. 6. 


170. The Sun's Deciination and Aititude at the Hour of Six given, to 
find the Latitude, and his Azimuth. 


5 . 3 

„ | Declination - - 21d. 30m. South. 

The ſun 1 Altitude - - - - 15d. 56m. A.M. 

lere is the hypothenuſe and one leg given; that is, Af 21d. zom. the ſun's 
declination, and b f 15d. 56m. the ſun's altitude; for the conſtruction and ſolu- 

tion, ſee (119) and (134. | a 

171. Sun's Declination, and his Azimuth at the Hour of Six given, 

to jind the Latitude, and his Altitude, 


Ru % 

, eclination - - - 19d. 14m. South 

The ſun's { Azimuth = - - - 1od. gm. : 
Here is (as in the laſt problem) the hypothenuſe and one leg given; that is, 
Af 19d. 14m. the ſun's declination ; and A b 10d. gm. the ſun's azimuth from 
the Weſt ; for which ſee (119) and (134) 


172. Sun's Azimuth, and Altitude at the Hour of Six given, to find 
the Latitude, and bis Declination. | 


| Nt ws 
„ f Azimuth - - - 16d. 10m. South, P. M. 
The ſun's | Altitude - - - 6d. om. 
Here are both legs given; for the conſtruction and ſolution of which ſee (123) 
and (138). | | | 

1 I have, with the former editions of Atkinſon (though improperly) 
>ck the ſun's azimuth from the Eaſt and Weſt, towards the North and South; 
| 2 doing theſe ſix laſt problems are more plain, and no ambiguity can enſue, 
; uſe the ſun's bearing from the Eaft and Weft points of the horizon will always 
be the complement of its azimuth from the North or South, |, 


173. The 


vel 


2 


he 


to 
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173. The Latitude of a Place, and the Sun's Declination given to find 


the Sun's Altitude, and the Hour of the Day when the Sun is due 
Eaſt or Weſt. 


Note, When the ſun is either aue Eaſt or r Weſt, he is then upon ihe prime 
vertical Z AN. Fig. 2. | 


| EX & 0--E- Ke 
The Latitude - - - - gid. 31m. © North. 


Sun's declination - - 23d. 29m. 

In the rectangle tpheric triangle A k 1, Fig, 2, aliens, that, 

1. Ak l is the rectangle. 

2. k Al the latitude equal EZ. 

3. k l the ſun's dec of the ſame name with the lat. 

4. Al the ſun's altitude when he is upon the Eaſt or Weſt azimuth cred 

. A k, the hour from 6; if Eaſt, after 0 in the forenoon ; but when Weſt, 
before 6 in the afternoon. 

To project it ſtereographically on the plane of the meridian, 

1. The primitive circle being drawn, quartered, as alſo the axis P AI, equi- 
noctial E A Q and parallel of declination gr f g, to cut the prime vertical ZAN 
in I, the place of the ſun when he is either Eaſt or Weſt. 

2. Then through 1 draw a great circle to cut the equinoctial E AQ at right 
angles in k, by (114) as the oblique circle P 1k I, which forms the rectangle 11 
ſpheric triangle A K l. 1 

For the hypothenufe A l, and leg A k (the former the ſun's altitude, the latter 
the hour from 6, when he is either af or Weſt) are the two things required, and 
are meaſured by (116). 

But by trigonometry, having a leg and its oppoſite angle given, that is, k Al 
51d. 31m. the latitude, and k 1 23d. 29m. the ſun's declination ; the leg A k 
the hour 6, and the hypothenuſe A1, the ſun's altitude when Eaſt or Wett, are 
foand by (137) _ 

To find the Sun's Altitude, the Proportion is, 

As the ſine of hs latitude 1s to the radius ; | 

So is the ſine of the ſun's declination to the fine of his altitude, when Eaſt or 
Weſt. Or thus, 

As S. angle k A 1-- Radius : : S. leg. k 1. S. hypot. Al. 
| As S. 51d 31m. . S. god. : : S. 23d. 29m. ++ S. 3od. 36m. © Alt. 

2. To find the hour from 6, the proportion by the e problem. 

As the radius is to the tangent complement of the latitude; 

5 So is the tangent of the ſun's declination to the ſine of the hour from 6. Or 
us, 

As radius . T. c. angle k Al: : T. leg k 1 S. le Ak. 

As T. 45d. T. 38d. 29m. : 2 23d. 29m. S. 20d. 12m. the hour from 6. 

Which reduced into hours and minutes of time, and added to, and ſubtracted 
from 6 hours, giveth the hour of the day required. 

That is 20d. 12m. reduced into time, is th. 21m. almoſt, 
Which added to =, - - - 6h. om. 


The ſum ſheweth the ſun is Eaſt at - « 7h. 21m. Morn. 
And being ſub. ſheweth the ſun is Weſt at 4h. 39m. Aftern, | 
In the ſame hangs triangle ſpheric A k 1, Fig. 2. the five problems ſollowig 1 
may be reſolved, and are here propoſed for the learner's exerciſe, if —_ | 
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74 The Sun Eaſt, the Latitude, and the Sun's Altitude given ; to 
S find his Declination, and the Hour of the Day. 


6X A I P-L © 
Th Latitude - - - - 51d. zom. North. 
© 2 Sun's altitude - - - 25d. 16m. Mornin 
Here is the hypothenuſe, and one _ given ; that is, the . A! 
25d. 16m. the ſun's altitude, and the angle k A l 51d. 30m. the latitude ; which 
triangle is made by (120) and for its ſolution ſee (135.) 
1. For the ſun's declination, the proportion is, 
As radius -- S. latitude : : S. O altitude . S. O Declin required. 
As S. god. . S. 51d. zom. : : S. c. 25d. 16m. .. S. 19d. an. N. 
2. For the hour when he is Eaſt, the 8 is, 
' As T.c. ak. . Rad:: S. c. lat.. T. hour from 6, when E. or W. 
Radios... S. e. lat.: T. O's alt. T. hom from 6. 
S. god . 8. 38d. 3om. : : T. 25d. 16m. -- T. 16d. 22m. or th. 5/ 28”. which 
added to 6, makes 7h. Im. 28 ſec. the time when the fun is E. 


175. The Sun Meß, the Latitude and Hour of the Day given, to find 
the Sun's Altitude and Declination. 


N 
The latitude — — — zod. 1om. South 
The hour — — 3h. 15m. P. M. 
Here is given a leg, and its adjacent angle z that is, the leg A k, 41d. 1 zm. 
or zh. 45m. the hour from 6, when the ſun is Weſt, and the angle k A! 3od. rom, 
1 3 which triangle 1 15 made by (121) and for its folution, ſee (136). 
1. For the ſun's declination, the proportion is, 
As T. c. lat. radius: : S. hour from 6. T. © declination, or 
As radius -- $: hour from 6 : : T. lat. . T. © declination. 
As S. god. -- S. 41d. 15m. : : I. 30d. 1om. +» T. 20d. 58m. S, 
2. For the ſun's altitude, the proportion is, 
As T. hour from 6. rad. : : S. c. lat.. T. c. O alt. when W. 
As S. C. lat. -- radius : 2 T. hour from 6 - T. tun's alt. when W. 
As S. 59d. 5om. . S. god. : : T. 41d. 15m. + T. 45d. 24m. the ſun's altitude, 
when W. 
176. The Sun Eaſt, bis Declinetion and his Altitude — to find the 
6 Latitude and Hour of the Day. 


5 3 A N . 
5 eclination 2 om. South. 
The Sun's Altitude——29d. — A. M. 

ven the hypothenuſe and one leg, that is, the hypothenuſe A 1, 29d. 
J un's altitude, poker the le 75 k I. 20d. rom. his declination; which 
b — made by (119) and for its lation, ſee (134). 


1177. The Sun Weſt, bis Declination and Hour of the Day given, to 


find the Latitude, and his Altitude. 


A 5 eclination - 10d. 3 North. 

3 The ſun ' Hour of the Day 4d. 528. FR. - 

lere are given both legs; ; that is, the leg k I 10d. 39m. the ſun's declination, 
| . 1 . Ih. 8m. the hour from 6, when ü. nis Weſt; for making 
cu ſee (123) and for its ſolution (138. 

5 178. The 
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178. The Sun Eaſt, bis Altitude, and the Hour of the Day given, to 
find the Latitude and his Declination. | 


BB A MM 7 © Bo 
The 1 altitude — 3od. 10m. 
Hour of the Day — 7d. 5om. A. M. 
Note, In this problem the latitude may be either North or South, and both 
truly anſwer the queſtion. 
Here 1s given the hypothenuſe, and one ew ; that is, the hypothenuſe A I 30d. 
10m. the ſun's altitude when Eaſt, and the leg A k 27d. 30m. or ih. om. the 
hour from 6, when he is ſo ; this triangle is made by (119) and for its ſolution 


ſee (134-) | 
179. The Sun in the Equinoctial, the Latitude of a Place, and the 
Sun's Altitude given, to find his Azimuth, and the Hour of the Day. 


Note, when the ſun hath no declination, he is then (ſaid to be) in the equinoctiai 
which is twice in a year, about the z iſt of March, and the 23d of September. 
EX ͤ F-4L.©s | 
The J Latitude - - - 51d. 31m. North. 
Sun's altitude - - - 21d. 5om. A. M. 

In the rectangle ſpheric triangle ZE D, Fig. 2, it is to be noted; 

1. The angle ZE D the rectangle. 

2. The leg Z E the latitude of the place. 

3. The leg ED the hour from noon. | 

4. The leg Z D the complement of the ſun's altitude. 

5. EZ D the ſun's azimuth from the South in North latitude ; but from 
the North in South latitude, Eaſterly in the forenoon, and REI in the after- 
noon. 

To project it ſtereographically on the plane of the meridian. 

1. The primitive circle being drawn, quartered, as alſo the axis P A L, _ the 
equinoctial AE Q as formerly directed. / 

2. By (118) draw a parallel circle at 21d. 5om. (the given altitude) diſtance | 
from the horizon S AB, as Alt, to cut the equinoctial E A Qin P, the place of. 
= ſun at that time. 

nag D by (115) draw a great cirele perpendicular to 8 A B, as is the 
obliq ue circle Z D CN, which concludes the rectangle y_ triangle ZED, 
and | it is done. 
For the angle E Z. D, and leg E D (the former the ſun's azimuth from the 
South meridian, the latter the hour from noon, when the ſun is in the equinoQial} 
are the-two things required, and are meaſured by (116). 

But by ſpheric trigonometry, having the hypothenuſe, and one leg given ; that 
is, Z D 68d. 1om. the complement of the ſun's altitude, and Z E 51d, ziim. 
the latitude. The angle E Z D the ſun's azimuth, and leg E D the hour from 
noon, are found by (134). 

1, To find the ſun's azimuth, the proportion is, 1 

As the radius is to the ta nt of the latitude ; 4 

So is the tangent of the ſun's altitude to the ſine complement of the ſun' $ 
azimuth from the South: Or thus, 

As radius T. leg Z E: : T. c. hypot. Z D.. S. c. angle E Z D 
As T. 45d. T. 51d. 32m: : T. 21d. * 8. zod. 16m. ; 
Which Ebirat from — — — om. 
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2. To find the hour, the proportion by the aforeſaid problem, is, 
A the fine complement of the latitude is to the radius, 
So s the fine of the ſun's altitude to the fine complement of the hour from noon, 
Or thus | 3 
1 As S. c. leg ZE radius : : S. c. hypot. ZD. . S. c. leg ED. 
As S. 38d. 29m. . S. god. : : S. 21d. 50m. . S. 36d. 42m. 
Which ſubtract from — — — — — ꝙ9 d. om. 


| Remainder is the hour from noon — — — zd. 18m. 
Which is equal to 3 h. 33m. 12 ſec. the hour from noon, therefore the hour of 
E the day is Sh. 26m. 48 ſec. in the morning. 
| In No ſame reQangle ſpheric triangle Z E D may five problems more be re. 
folved, which I leave for the learner to invent, and fo paſs on to oblique ſpheric 
triangles in aſtronomy. | | 


Oblique Spheric Triangles, applied in Aftronomic Problems, uſeful in 
1 il | Navigation. 
N the laſt ſection, rectangular ſpheric - triangles were applied to problems of 


aftronomy ; now in like manner oblique ſpheric triangles ſhall be applied, 
of them being very neceſſary and uſeful in navigation. 


180. The Latitude of a Place, the Sun's Declination, and bis Altitude 
given, 10 find his Azimuth, and the Hour of the Day. 
RE , M:P EL _ K.: 


| Latitude - - - 51d. zom. 
The 4 Sun's F Declination - 15d jon. | North. 


| Altitude - 3od. om. 
In the oblique ſpheric triangle P Z © is to be noted. 
1. The fide Z P the complement of the latitude. 
2. The fide Z © the complement of the ſun's altitude. 
3. The ſide P © the ſun's diſtance from the elevated pole, which is the decli- 
nation added to 90 degrees, when the latitude and declination are of a contrary 
name ; but if one name it is the complement of the declination, as in this caſe. 
d 4. The angle P Z © or BF (117) the ſun's azimuth from the North in North 
E latitude ; but from the South in South latitude. 
F. The angle Z P ©, or ED the hour of the day from noon. 
To roje& it ſtereographically on the plane of the meridian. 
1. Having drawn the primitive circle, and quartered it with the axis P AI, and 
the equinoctial E A Q then deſcribe the parallel of declination C © g by (118.) 
| 2. Draw alſo by (118) a circle parallel to the 
horizon SAB, at 3od. om. (the ſun's altitude) 
diſtance from it, as @ Ot, to cut the parallel 
of declination in ©, the place of the ſun at 
that time. | 
3. Then through © draw two great circles, 
one through Z and N, the poles of the horizon ; 
and the other through P and I. the poles of the 
equinoctial; as are the oblique circles Z O- 
N and P © I, which form the oblique ſpheric 
triangle PZ O, and it is done. 


For 


For 


the ſines of the complement of the latitude, and e an of the ſun's altitude, 


North in North latitude; and from the South in South latitude. 
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For the angles PZ O, and zZ P ©, the former the ſun's azimuth, and the 
latter the hour of the day from noon, are the two things required, and are mea- 
ſured by (117.) ; 
But by ſpheric trigonometry, having three ſides given; that is Z P 38d. zom. 
the complement of the latitude ; Z © God. om. the complement of the ſun's Þ 
altitude, and PO 74d. pom the ſun's diſtance from the elevated pole; the angle 
PZ © the ſun's azimuth, and Zz P © the hour of the day, are found by (145 
thus. y 
1. Add the complement of the latitude, complement of the ſun's altitude, and 
the ſun's dittance from the elevated pole into one ſum. | 
2. From half that ſum ſubtract, for finding the ſun's azimuth, the ſun's diſtance I 
from the pole ; but for finding the hour of the day, ſubtra& the complement of 
the ſun's altitude, noting the half ſum, and the remainder. | f 
3. Then to find the ſun's azimuth, it is thus; to the complement arithmetic of 


add the ſines of the aforeſaid halt ſum, and remainder; half the total of theſe 4 
Dur logarithms is the ſine of the ſupplement of half the ſun's azimuth from the ns 


— — I — — 1 — 2 
— * * * n 9 = N . 
————— —— 4 ns = - EET » — — — — 
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But to find the hour of the day it is thus; to the complement arithmetic of the 
ſines of the complement of the latitude, and the ſun's diſtance from the pole, add 
the fines of the ſaid half ſum, and the remainder ; half the total of theſe four Wa 
logarithms is the ſine of the ſupplement of half the hour from noon, all which is 
ſhortened thus : | - _— 
1. To find the azimuth, the operation is. | | 

Z P 38d. zom. 10 8. co. ar. o, 205 8 
Side E © 60d. —4 N hors 5 8. co. ar. 9.885 
P © 74d. zom. | Sum ſides 86d. 30m. S. 9, 999189 
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— — | Remainder - 12d. om. S. 9,31i7879 
Sum is - 173d. om. — — 
Half Sum is 86d. 30m. | Sum of the 4 logarithms is 19, 585 387 
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Remain - 12d. om. | —— 38d. 21m. S. Z ſum I : 80 
Which double it —38 21 = 9.792093 
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The double is - 76 42 Which 
Subtract from - 180 © 
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Remainder is the ſun's azim. 103 18 from the North 
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By GUN TE R's Scale thus, 


As radius . S. c. latitude : : S. c. O altitude · a 4th ſine. 

Then again, 1 | 

As the 4th ſine -- S. & Sum fides : : S. remainder -- a 5th fine. | 
' Againſt which, on the line of verſed ſine, is the ſun's azimuth from the North, al 

Eaſterly if in the 251. ; and from the North, Weſterly if in the afternoon, 

The ſame triangle Z P © may be ſeen in figure the ad for a greater altitude 
and declination, For more examples of this neceſſary problem, ſee the latter 
part of (194. 1 
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Half ſum is 86d. 3zom 


— 


Which doubled 


The double is 
' Sabtract from - - 


| (141) cs. 


Z P ©, ſee (186.) 
(141) thus; 


ö ' found, fee 1 89.) 
ö next following be reſolved. 


ASTRONOMIC PROBLEMS. 
2. To. find the hour of the day, the operation is, 


Sum is 173d. om. 


Remainder 26d. zom. 


0 r BEN PF 


I > of Z P 38d. zom. x S. co. ar. o, 2058 50 
3 Side 4 > P 74d. — Containing fides { S. co. ar. 0,016089 
2 | 2 © 60d. om. f 4 Sum fides 86d. 3om. S. 9,999189 

— — | Remainder 26d. 2OM. S. 9.649527 


Sum of the 4 logarithms is 19.870655 


- - $932 


- - 119 2 Which 
„ 1800 
| — . . £ 


Rem. is the hour from noon 60 58 equal to 4 3 52 
By GUNT E R's Scale thus, 


A s radius. S. c. latitude : : S. © diſt. from pole -- a 4th fine. 


Then again, 


As the 4th ſine--S Z ſum fides : : S. remainder .. a 5th ſine. 
Againſt which, on the line of verſed ſines, is the hour from noon. 
Having found the ſun's azimuth, the hour may be immediately determined by 


59 31 8. half ſum 9,935327 | 


As the ſine of the ſun's diſtance from the pole P ©, is to the ſine of the azimuth 


| PZ ©, ſo is the fine of the zenith diitance Z © to the ſine of the hour angle 


Knowing, or having found the hour, the azimuth is immediately determined by 


As the fine of the zenith diſtance Z © is to the ſine of the hour angle Z P ©, 
ſo is the ſine of the polar diſtance P © to the tine of the azimuth P Z © from the 
elevated pole, when leſs than go degrees; but when PZ © is more than go 

s, the ſupplement or angle 25 Z O, the azimuth from the other pole is 


In the ſame oblique ſpheric triangle Z P O, fig. 2, may the nine problems 


181. The latitude of a Place, the Sun's Altitude and Azimuth given; 
= - to find his Declination, and the Heur of the Day. 
| : ENAMPLE 
In latitude 51d. 32m. the ſun being 49d. 4om. above the horizon, his azimuth 
= was obſerved to be North 119d. 44m. Eaſterly, I demand the hour of the day, and 


the ſun's declination. 


Anſwer. The hour of the day is 29m. after 9, and the declination of the ſun is 


23d. 28m. North. 


In this problem are two fides, and one angle between them given; that is Z P 
38d. 28m. the complement of the latitude ; Z © 4od. 2om. the . e of 


the ſan's altitude; and PZ © 119d. 44m. his azimuth, which triang 


E by (127) und is reſolved by (143.) 


0 


e is made 


182. The Latitude of 4 Place, the Sun's Declination and Azimuth 
F given ; to find bis Altitude, and Hour of the Day. 


| In latitude 13d. 10m. N 
| ttingtle. 


Es 


E 


= A WM 77 L © 


„the ſun's declination being gd. 27m. 8. 


and his 


North 120d. zom. Weſterly, I demand the hour of the day and his 
| | Anſwer, 


ASTRONOMIC PROBLEMS. 47 
Anſwer. The hour of the day 2h, 24m. in the afternoon, and the ſun's en, 
is 47d. 4zm. 
Here are two ſides, and one angle oppoſite given; that is, Z P 76d. com. the 
complement of the latitude, P © 99d 27m. the ſun's diſtance from the elevated 


pole, and PZ © 120d. 30m. his azimath ; which . is made by (125) and 
reſalved by (141). 


183, The Latitude of a Place, Sun's Altitude, and the Hour of the. 
Day given ; to find the Sun's Azimuth and his Declination. 
EXAMPLE. 

In latitude 3od. 51m. South, at 15m. paſt 3 in the afternoon, the fun” s altitude 
being 41d. 10m. I demand the ſun's azimuth and declination ? 

Anſwer. The ſun's azimuth is South 102d. 4m I and his declination 
11d. 30m. South. 

Here are two ſides, and one angle oppoſite given. | 

That is Z P 59d. gm. the complement of the latitude ; Z © 48d. 5om. the 
complement of the ſun's altitude, and Z P © 48d. 45m. or 3h. 15m. the hour of 
the day from noon ; and therefore projected and — as (182). 


184. The Latitude of a Place, the Sun's Declination, and Hour of the | 
Day given ; to find his Azimuth and Altitude. 


7 EX ↄ Bo - 
The latitude 20d. 11m. North, the ſun's declination 23d. 29m. South, at gh. 
1 24m. in the morning; I demand the ſun's azimuth, and what is his altitude? 
e Anſwer. The ſun's azimuth is South 42d. 57m. Eaſt, and his altitude is 32d. 
57m. 
Here are two ſides and one angle between them given; that is ZP 69d. 49m. 


the complement of the latitude; PO 113d. 29m. the ſun's diſtance from the 


G elevated pole, and Z P © 39d. or zh. 36m. the hour of the day from noon, which 
e is wrought as before (181). 


0 183. The Latitude of a Place, the Sun's Azimuth, and Hour of the 


Day given ; to find the Sun's Declination and "Altitude. 

Þ EXAMPLE. 

In latitude 13d. 10m. North, the ſun's azimuth being obſerved at 24m. after 2, 
to be South 59d. zom Weſt. I demand the ſun's declination, and his altitude? 

3 Anſwer, The ſun's declination is gd. 27m. South, and his altitude at the ame WW 
time is 47d. 43 m. 1 

Here are two angles, and one ſide between them given; That i is, Z P. 76d. 1 

ch zom. the complement of the latitude, PZ © 120d. 30m the ſun's azimuth, and 

2 2 Þ © 36d. or zh. 24m. the hour of the day from noon ; for the making of this al 
triangle, ſee (128). And is reſolved by (144)- 


is 186, The Sun's Altitude, Declination and his Azimuth given; 10 a 


p the Latitude, and the Hour * the Day. 
Je The ſun's altitude being obſerved to be 38d. 2om. 1 his azimuth at the 


ſame time was 107d. 1om. from the North, and his declination 19d. 4om. N. 

| I demand the latitude of the place of obſervation, and the hour of the day ? 2 

th Anſwer. The latitude of the place is 51d. zm. North, and the hour of the day | 
is 29m. 4 ſec. after 8 in the morning. 

Here are two fides, and one angle oppoſite given; that is Z © 51d. 40m. the 

bis complement of the ſun's altitude; P © 70d. 20m. his diſtance from * elevated 


his pole; P Z © 107d. 10m his azimuth from, the North; which triangle 1 is made 
and wrought as before (182). 
| K 2 287, The 1 
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x ASTRONOMIC PROBLEMS. 
287. The Sun's Altitude, bis Declination, and Hour of the Day given, 
H to find bis Azimuth, and the Latitude. A 


| EXAMPLE. 
- At Fh. 42m. in the morning, obſerving the ſun 12d. 3om. above the horizon, 
and his declination being 19d. 40m. North: I demand the latitude of the place, 
and the ſun's azimnth ? 


"* Anſwer. The latitude is 519. 18m. North, and the ſun's azimuth North 74d. 


4m. Eaſterly, or ENE. half E. almoſt. | » 

Here are two ſides, and one angle oppoſite given; that is, Z O 97d. zom. 
the complement of the ſun's altitude; PO 7od. zom. his diſtance from the 
elevated pole, and Z P © 944. zom. or Gh. 18m. the hour of the day from noon; 


Which triangle is made and wrought as before (182). | 


188. The Suns Altitude, his Azimuth. and Hour of the Day given; 


0 find the Suns Declination, and the Latitude of the Place. 


LG EXAMPLE. 
Obſerving the ſun 12d. 3om. above the horizon at 18m. paſt 6 o'clock after- 


© moon, and his azimuth 74d. from the North: I demand the latitude, and the ſun's 


18 Latitude 51d. 18m. North, and ſun's declination is 19d. 43m. 
—_—: ;- | 

Here are two angles, and one fide oppoſite given; that is, Z © 774d. 3om. the 
complement of the ſun's altitude; P Z © 74d the ſun's azimuth from the North, 
and Z P © gd. 3om. or 6h. 18m. the hour from noon ; which triangle is made 
by (126) and is reſolved by 142). 


189. The Sun's Declination, bis Azimuth, and Hour of the Day 


given; to find. bis Altitude, and the Latitude of the Place. 
EXAMPLE. 

The ſun's declination 19d. 40m. N. and at 28m. paſt 8 of the clock in the 
morning, his azimuth was obſerved to be 107d. 5om. from the North : I demand 
the latitude of the place of obſervation, and what was the ſun's altitude? 
Anſwer. The latitude is 5:4. 16m. North, and the ſun's altitude is 37d. 49m. 

Here are two angles, and one ſide oppoſite given, as before, in the laſt Problem; 
that is, PO 70d. zom. the ſun's diſtance from the elevated pole, P Z © 10. 


1 _ his azimuth from the North, and Z P O 53d. or zh. 32m. the hour of the 


* 4 


bdetween the ſtar's center and the ecliptic. 


y from noon ; which triangle is made and wrought as the laſt. 
190. The Latitude and Longitude of a Star, and the Obliquity of the 
s Ecliptic given; to find the Right Aſcenſion, and the Declination f 
that Star. | 1 ö 
Definition 1. Latitude of a ſtar, is an arc of a circle of longitude, contained 


2. Longitude of a ftar is an arc of the ecliptic, contained between the begin- 


VB ming of Aries, and that circle of longitude which paſſeth over the ſtar's center, 


and counted according to the ſucceſſion of the ſigns. 
J 5 EXAMPLE. 


. . r Latitude - - - 22d. 52m. North. 


| Longitude - - - 18d. 2m. in N. 
In the oblique ſpheric triangle PK D. fig. 1. is to be noted. 
1. PK the diſtance of the pole of the ecliptic from the pole of the world, equal to 


. the echpric's obliquity 23d. 28m. 


2, K D the complement of the ſtar's latitude, Pits diſtance from one pole ot 
| „ 3. PD 


” * 
5 N 


Wh nce the angle K P D, obtuſe, me be found by (143). 
155 3 
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ASTRONOMIC PROBLEMS. wo {| 
3. PD the complement of the ſtar's declination, or its diſtance from the correſ 


ponding pole of the world. 


4. PKD equal to 28 V, the ſtar's longitude from S, if the ſtar's latitude 


North, but from W if it be South; that is, from S, if the ecliptic's North pole be 
one angle; but from W, if its South pole be one angle of the triangle. | 
5. KPD equal QM, the ftar's right aſcenſion From Vp, if its latitnde be 


North; but from , if its latitude be South: That is, if the ecliptic's North q 


pole be one angle, &c. as before in note the 4th. 7 

Here are two ſides, and one angle between them given; that is, PK 23d. 28m. 
the diſtance of the North poles of the 2quinoQtial and ecliptic, K D 67d. 8m. the 
complement of the ſtar'e latitude, and PAD 11d. 58m. the ſtar's longitude from, 
wanting of, cancer; which triangle is made by (127;: And by (143) the propor- 
tions are as follow : | TL 


Firſt, to find the ſtar's right aſcenſion, 1 d. mc» 
1. As S. half ſum of the tides P K and KP <- - 45 18 

Is to S. half their difference. . - - - 21 50 
So is T. c. of half the angle PRD - - - = < 84 1 

To T. half diff. of the angles DP K and PDPK - - 78 got 
2. As S. c. half ſum of the ſides K D and KP - < 44 4 

Is to S. e. half difference = + = 88 
So is T. c. of half the angle PRD - = < <- 684 x 


To T. half ſum of the angles DPK and PDK - - 85 27 
Unto which add their half difference before founded 


. 
WW 

& 
D 


And it giveth the angle KPD - - - - 164 8 
From which ſubtrat A ? - - - - - - - '90 0 


Remainder is A M the ſtar's right aſcenſion - 
From the beginning of Aries. | r 
Secondly, For the ſtar's declination, 25 d. m. 

As S. KP ſtar's right aſcenſion from Capricorn 164 8 

Is to 8. K D the complement of its latitude - - - 67 8 


0 
' 
4 
1 
* 


So is S. PK its longitude from Cancer - - - »-. 11 58 
To S. PD the complement of the ſtar's declination - = 44 198 


Wherefore the ſtar's declination is North - - - - = 45 
Or by (147) the complement of the declination may be found thys ; 
S. 23d. 28m. - - - -9,600118 | 
S. 67d. m. = 9,,04454 
S. c. 11d. 58m, - - =- 9g,990458 


9.555030 =» - = 35898 


S. c. 23d. 28m. - - - 9g,962508 
8. c. 67d. m. 9.589489 8 


9.5597 35646 
The natural S. c. of 44d. 10m. 771540 


- 
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þ x50 ASTRONOMIC PROBLEMS. 


| xgt. The Right Aſcenſion of the Sun, and Right Aſcenſion of a Stor 
© given: to find the Time of the Star's coming to, or upon the Meridian. 


The rule. Subtract the ſun's right aſcenſion in time from the ſtar's right aſcen- 
E fion in time, the remainder is the time of the ſtar's coming upon, or to the meri- 
dian, afternoon. . | 

Note. If you cannot ſubtract, add 24 hours to the ſtars right aſcenſion, and 
E then ſubtract. | 


oy Wo SSR AGE 


EX A-MP LE 


The r6th of October, 1784; I demand at what time Aldebaran, or the Bull's 
eye, cometh to the meridian. 
I bbe ſtar's right aſcenſion found by the preceding problem, or in the following | 
table, is h. 24m. And the ſun's right aſcenſion found by (158) or taken from | 
© the Nautical Almanac, is 13h. 28m. | 


24h. om. | 
Ah. 24m. : 


| 28h. 24m. | | 
. — 13h. 28m. 


. | 14h. 56m. the time of the ſtar's coming to the 
© meridian after noon, that is, 2 minutes after two o'clock in the morning. 
It will eaſily be perceived, that many of the preceding problems may be conſidered 
a merely ſpeculative, eſpecially where the azimuth or amplitude is in the data, either | 
of which cannot be determined at ſea, particularly the latter, within a degree, on 
account of the uncertainty of the horizontal refraction, and ſhip's motion. Never- | 
theleſs, many of che problems are abſolutely neceſſary; and the others are of great 
uſe to initiate the ſtudent in aſtronomical knowledge, from which navigation has, | 
within theſe few years, received ſuch improvements, as former navigators thought 


4a %* 


A TABLE 


* 
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FOR * 


A TABLE of the Right Aſcenſion, in Time, and 
Declination of ſome of the moſt noted fixed Stars, calculated | 

s| to A. PD. 789. | 

2 — — Nebt Decinz- 5 

@ The Names of the Stars. Aſcenſion} tion. 

2 | H. M. D. M. FA 

8 Pegaſus's Wing Algenib ! o 2 13 59 Nl 

3 The Bright Star of Aries“ ———— - I 55 [22 26 Na 

2 Veduſa's Head, Algol — — 2 54 0 7 Ng 

2 The Bright Side of Perſeus — 3 9 490 5N{a 

1 | | he Bull's Eye, Aldebaran* — 1 4 24 6 4N * 

1 The Goat Star, Capella = —.; 145 46 N 

1 The Bright Foot of Orion, Rigel — | s 418 36 Us 

2 [The Northern Horn of the Bull — |] 5 13 28 25 NN 

2 [Orion's Right Shoulder - = . = 5 146 8N[p 

3 The Southern Horn of the Bull —— — 5; 25 21 ON C 

2 Middle Star in Orion's Belt _ 5 21|o 28 804 

1 {Orion's Left Shoulder — — 3 (419 21 Nx a 

2 Auriga's Right Shoulder 5 44 44 54NIG} 

2 Bright Foot of Gemini — 6 25 16 34 Ny 

1 The Dog Star, Syrius — 6 36 16 25 Sj 

1 [Caſtor, or the head of the Northern Twin — 7 21 32 21 NI 

x The Little Dog Star, Procyon 7 28 5 46N[a 

2 Pollux, or the head of the Southermoſt Twin“ 7 32 28 32 N 3 | 

2 Hydra's Heart X 9 17 7 42 S| a 

1 [The Lion's Heart, Regulus“ — 9 57 3 1N[s 4 

2 [The Lower of the Pointers — 110 49 57 . 32NIÞ # 

2 [The Upper of the Pointers — 10 50 62 55 NIA 

2 [The Lion's Tail, Deneb | "xx 15 47 NIS 

3 Upper of the two laſt in the ſquare of Great Bear 12 5 58 14 NI 

2 The firſt in the Great Bear's Tail -— 12 44 57 ZN] 

1 |The Virgin's Spike“ - — 13 14 lo 25 Sls 

2 The middle of the three in Great Bear's Tail | 13 15 56 9 (4 


* 


22 £ * 6 3 
4 — ER ae . N j yy 85 
4 ah 9 1 7 i ** 9 
* s : 
* Pp —_— 


( | 152 ) 


7A, on" RICA [ Right | Declina- mn 
E 'The Names of the ST.ARS, Aſcenſion tion. 
ö | 1 Py H. M. D. M. A 
3 Laſt but one in the Tail of Hydra —— x 3 50 65 24 N * 
2 {Laſt in the Great Bear's Tail 13 39 fo 24 N. 
ann: 7272777000000 — WNTD 
| 1 98 Star in the Southern m 14 39 [15 5 80 
[ Bright Star of the Crown ———— 15 26 27 27 Na 
Pright Star in the Serpent's Neck 15 34 7 NI 
The Scorpion's Heart, Antares * — — 16 16 125 54 80 
| The Head of Hercules — X —— 17 «© Ns 
i 2 ln che Head of Serpentarius ETB K 
c | 3 Bright Star in the Dragon's Head — yy i. 11 My 
} | 1 {Lyrz, or tlie Harp — 118 30 38 36 NI 
© | 3.{Swan's Beakx ————C 7 NN 
1 Bright Star in the Eagle“ | — nin I9 40 8 19 |* 
nes Tail '———————| 20 34 ( 37 N 

3 jPegaſis's Mouth ——— ——— ——-—|21 348 54 N= 
I 4Fomathaut* —ͤä DC 22 46 830 45 8 
12 \Pegaſus's Wing, Marchab — —-22 54 i 0N| a 
© [2 [The Head of Andromeda ——————| 23 58 y 44x24 
YT 2 Pole Star 2 2 
YA TABLE of the Right Aſcenſion and), RET: den. 
'Declination of the CROSIERS. I 1. % D 

13 The Weſtermoſt of the two middle Stars — 12-457 335 7 

2 The Eaſtermoſt ———— — — 12 35 58 31 808 

[2 [The Northermoſt or higheſt Star « — 12 19 55 54 Sly} 

| 4 The Southermoſt or loweſt | | 12 15 [61 54 8 4 


= The ſtars marked with an aſteriſm, are thoſe from which the diſtance of the moon 
© 3s calculated in the nautical almanac. The right aſcenſions and declinations will 
ſerve for 3 os 4 Years or more after 1789, near enough for any data that can be 
Eattually attained at ſea ; and thofe who wiſh for greater accuracy, will, without 

doubt, be provided with the nautical almanac and requiſite tables, as the former is 
become almoſt abſolutely neceſſary to ſuch navigators as wiſh to determine their 
TE Jongitude by celeftial obſervations, b oe 
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CHAPTER 


Of the Variation of the Ccmpaſs, what It 15, how to find it, and 
how to rectiſy the Compaſs thereby. 4 


193. 


EFIVNITION I. The variation of the compaſs is an arc of the horizon, 
contained between the meridian of the place and the magnetic meridian; or 
it is the angle comprehended between the line of direction of the North and South 


on the meridian, that is, exactly at noon; and the variation 1s either Eaſt or Weſt, 
but never excęedetk go degrees. | | : 

2. Eaſt variation, is when the North point of the magnetic meridian lieth Eaſt- 
ward of the North point of the merid:aa of the place; but if to the Weſtward, then 
it is called Weſt variation. | 


es; to which meridian the compals, if not otherwiſe hindered, hath reſpect. 


about the poies of the world, as Mr Bond, faid in his longitude found, page 7, in 
600 years, in a circle about $d. '39m diftant therefrom ; and their motion, ac- 
cording to his account, is tne cauſe of the variation of the compaſs. | | 

5. Ihe variation of the compaſs is found by an amplitude or an azimuth. 


latitude of the place, the d clination, and magnetic amplitude of the ſun given. 


his riſing or ſetting) and the Eaſt or Weſt points of the compals ſteered by; or it 
is the apparent riſing, or ſetting of the ſun from the Eaft or Weſt points of tha ſaid 


Mariner's Com gaſs rectified. | | 

8. Amplitude, is an arc of the horizon, contained betwen the ſun and the Eaſt or 
Welt points of the horizon; and is found by (159). | $9 

9. If the foregoing amplitudes agree, that is, the magnetic and true amplitudes 
(which is ſeldom) there 1s no variation; but if they differ, their difference rightly 
counted 15 the variation. 1 ; ; 


general Rule. 


ſetting, if the true amplitude be greateſt, it is Weſt. 


At ſun rifing, the magnetic amplitude greateſt the variation is Weſt, but at ſun 


ſetting it is Eaſt. i i | 
E X*& EP EL BE I. 


therly, and the magnetic amplitude be Eaſt 17 degrees northerly ; then counting 
both theſe from the North, the true amplitude will be North 57 degrees Eafterly, 
and the magnetic North 73 degrees Eaſterly ; the magnetic is the greateſt, and 
the difference is 16 degree, which is the variation Weſterly : If this had been at 
ſun ſetting, the variation would then be Eaſterly. 
EN. 85 


and the magnetic amplitude Weſt 9 degrees Southerly, both counted from the 
Yerth, the true amplitude is North 74 degrees Weſterly, and the magnetic is 99 


6. To find the variation of th2 compaſs by an amplitude, you mutt have the 


7. Magnetic amplitude, is an are of the horizon, contained between the ſun (at 


At ſun rifing, the true amplitude greateſt, the variation is Eaſt ; but at ſun 


At ſun ſetting or (PM) let the true amplitude be Weſt 16 degrees Northerly, 


degrees 


points of the compaſs, and the ſhado of a perpendicular line, when the ſun is 


3. Magnetic meridian, is a great circle paſſing through, or by the magnetic ö 
po . 


compaſs, and is found, by obſerving the ſun, either at his riſing or ſetting, with an 
amplitude compaſs, or by the itzeriag compaſs, nearly as directed in WAKELY*s. 


Note here ; If you alvay s count both amplitudes from the North, then this is 4 4 


At ſun riſing, or (A. M.) ſuppoſe the true amplitude be Eft 33 degrees nors ; 


4. Magnetic poles, are two moving oppoſite points, making their revolutions 
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„ VARIATION OF THE COMPASS, &c: 


degrees from the North, and is-the greateſt ; their difference is 25 degrees, which 
is the variation Eafterly, 
1 ES Or Thus : 


4 Let the circle NE SW repreſent the horizon, 
N the true North, and n, the magnetic North, 
alſo C the ſun at its riſing or ſetting. 


Then 


1. Obſerve, what number of degrees the ſun 
riſes or ſets from the North point of the compaſs n, 
repreſented by the arc of the horizon n ©, which 
is called the magnetic amplitude. 

2. Find by calculation (159) the ſun's true 
amplitude, the complement of which, will be the 
F ſun's amplitude from the North, or NO. 
The difference of the degrees and minutes thus found, 1s the variation N n, and 
is either Eaſt or Weſt, according to the preceding rules. 


EXAMPLE. 


© The latitude 51d. 32m. N. the ſun's declination zod. 1om. N. and the magnetic 
amplitude at fun riſing (or AM) Eaſt 17d. tom. North, which ſubtracted from god. 
gives 72d. com. the ſun's magnetic amplitude from the North point of the compaſs. 
Then by (159) as the co- ſine of the latitude is to radius, fo is the fine of the Fan's 
Edechnation, to the fine of the ſun's amplitude: Or 

ad. 28m.--S. : od. :: S. m4. 10m. . . S. 33d 29m. the complement of 
which is 56d. 21m. the ſun's true amplitude from the North. 

| Sun's magnetic amplitude 7 2d. 5om. North-eaſterly. 

Sun's true amplitude — 5d. 21m. North- eaſterly. 


Subtract, gives var. 16d. 2gm. Weſt. 
EXAMPLE II. 


* { Latitude - - - — North 1 


Sun's Declination - 10.19 
O's Magnet amp. 15.10 South A.M. | | 
© Anſwer. The ſun's true amplitude is 13d. 42m Eaſt Northerly, or 76d. 18m. 
North Eaſterly, found by the aforeſaid proportion, by which the variation is as 
Sollows: _ . . $ 
3 m. 


© True amplitude - - - - - - 76 18 N. Eaſterly. 
© Magnetic amplitude 105 10 N. Eaſterly. 


given; var. req. 


Subtract, gives the variatio-— 28 52 Welt. i 
The following examples are, for the learaer's exerciſe, and are wrought by the 
foreſaid directions and rules. | 


EXAMPLE III. 


d. m. 
Latitude - - 13 10 North 1 5 
The 5 Sun's declination - 15 40 South given; variation req, 
1 © Magnet. ampl. 12 8. P. M. | 
According to the aforeſaid rules, it is as follows: 


* - 


© True 


VARIATION OF THE COMPASS, de. 133 
d. m. | | 
© True amplitude - - - - - - 106 6 N. Weſterly. 


© Magnetic amplitude —— „99 12 N. 3 


Sabtract, gives the variation = * 54 Weſt. 
E X A M p L E IV. 


Latitude - = - 50 408. 
Th 


»Sun's declination - 19 50 S. 
Sun's magnet. ampl. 5 15 N. PM. 
Anſwer. The variation is 27d. 17m. Weſt. 
| EXAMPLE V. 
d. m. 


(Latitude - - - 21 30 —— 
Th 


given; varia- 
tion required. 


North I given ; varia- 


Sun's declination - 17 55 —— tion required. 


Sun's magnet. amp. 10 19 South P. M. 
Anſwer. The variation is 29d. 39m. Eaſt. 
EXAMPLE VI. 
d. m. 
: Latitude - - 25 30 South 
The Fou s declination - 18 12 North | gi ; variation req. 
Sun's magnet. amp. 9 50 S. A. M. | 
| Anſwer. The variation is 30d. 5m. Weſt. 


194. To find the Variaticn of the Compaſs by an Azimut b, obftrue | 1 


theje following Definiticns. 


. Magnetic azimuth, is an arc of the horizon contained between the ſun's 


aim circle, and the magnetic meridian ; or it is the apparent diſtance of th 
ſun from the North, or South point of the compaſs ; and is found by obſerving the 


ſun by the azimuth compaſs, either in the forenoon or afternoon, when he is about 
5, 10, Or 15 degrees high. 

2. Azimuth 1s an arc of the hola; contained between the North and South 
points of the horizon, and that poiat of the horizon which the ſun 1s directly over, 
or upon, at any time of the day. 

If the magnetic and true azimuths agree, there is no variation; but if they 
differ , their di ference is the variation. 

Then, as in amplitudes, if both azimuths be reckoned from the North. 

In the forenoon, the true azimuth greateſt, the variation is Eaſt; but in the 
afternoon Welt. 


In the forenoon, the magnetic azimuth greateſt, the variation 15 Wet ; but in 


the afternoon Eaſt. 
E . 


1. In the forenoon, ſuppoſe the ſun's true kazimuth from the North to be 89 


degrees, and the magnetic azimuth at the ſame time to be 101 degrees, the mag 


netic is the greateſt, and their difference 21 degrees is the variation of the com- 
paſs Weſterly ; ; but Eaſterly, had it been in the afternoon, 
EXAMPLE. 


2. In the afternoon, let the ſun's true azimuth be 115 degrees from the North, | 


and the _—_— azimuth 101 degrees, their difference 14 degrees is the © vari | 


Weſterly ; but Eaſterly had it been | in the forenoon. 


r thus, 


1. Always count both azimuths fam the North in North latitude ; but from i | 


the South in South latitude, 
2. The leſs azimuth ſubtracted from the greater, gives the variation. 


3 Placing both the 3 (before your face) from you, that is, ſupp d 0 
ourſelf 


— — gn Ir 2 
ho — \ A : - _ 

— bs 22 * 
3 r 


| Problem 2. 
of the Compaſs. 


Sun's true azimuth - - 
Sun's magnetic azunuth 


Subtra®: giveth the variation - 
TXAMPLE 1M 


is the the colin of 56. zom. half the ſun's azimuth from the 


VARIATION OF THE COMPASS, &c. 


| yourſelf ſtanding in the center of the compaſs, and it large enough for you to do fo, 
bea, if the true azimuth be to the right hand of the magnetic, the variation is 
Fat; but if to the left hand, the variation is Weſt. 
E Theſe rules will appear plain in working of theſe examples of the next problem. 


d. m. 
Lamunue - - 51 32 North 
The Altitude - - 11 30 A. M. | given; variation 
| Sun's 4 Declination - - 15 10 North. required. 
G Magn. azim. =— 101 10 North. 

Then, by {180) the ſun's true azimuth, 1s found as follows : 
Comp. lat. 38d. 28m. S. co. ar. 0, 206168 
Comp. © alt. 78 30 8. co. ar. 0, 08807 
©'s polar diſt. 74 50 
Sum = 191 48 
Half Sum - 95 54 - - - S. 9997693 
Subtract p. d. 74 50 | 
Remainder - 21 4 - - - S. g,r55643 

Sum — = 19,708311 


- 80d. 2m. North Eaſterly 
- 101d. 10m. North Eaſterly 


21d. 8m. Weſt. 


d. m. 
Latitude 13 10 North 
The Altitude - - 17 50 A.M. (given: Variation 
Sun's ; Declination - 16 59 South required. 
Magnet azim. go 10 North 
Comp. lat. 76d. 5om S. co. ar. - 0,011570 
Com. © alt. 72 10 8. co. ar. 0, 021385 
O's polar diſt. 105 59 | 
Sum = - 255 59 
Half om - 127 59 = - - - - S. 9,89663r 
Subtract p. d. 106 59 
7 Remainder = 21 © - —8. 9, 554329 
. . Sum = = 19,483915 
— 
Half Sum - 9574195 


orth. 


O 


The Latitude of a Place, the Sun's Altitude, Sun's 
Declination, and his Magnetic Azimuth given, to find the Variation 


| Half ſam - 9.884155 is the coſine of god. im. 
| which, doubled, is 8od. 2m. the ſun's azimuth from the North. 
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O's magnetic azimuth - yod. 1om. N. Eaſterly. 


The difference 22d. 5om. the variation Eaſt. : 
The remaining examples are left for the learners exerciſe. 
EXAMPLE III. 
+ its 
Latitude - - - - - 28.40 North | 
The Altitude - - - 20.19 P. M. (given; variation 
Sun's ö Declination - - 19.12 South required, 
1 Es Magnet azim. - 129.50 North 
Anſwer. By the aforeſaid directions, the 
O's tru azimuth - - - - 127d. 2m. N. Weſterly. 
©'s magnetic azimuth - - 129d. 50m. N. Weſterly, 


Subtract giveth the variation - 2d. 48m. Eaſt. 
EXAMPLE IV. 
d. m. 
Latitude - - - 50. 40 South 
Altitude = - - 25. 10 P. M. (given; variation 
- 23-30, South ( req. 


EXAMPLE V. 
d. m. 
Latitude - - - 23.10 South 
The Altitude - - - 10.15 A.M. | given; variation 
Sun's J Declination - - 23.30 North { req. 
x Magnet. azimuth 102.40 South 
Anſwer, The variation is 18d. 32m. Weſt. 
EXAMPLE VI. 


d. m. 


Latitude - =- - - - 37-45 South | : 
The Altitule - - 18.20 P.M. (given; variation 
Sun's J Declination - - 20.15 North ( require. 
Magnet. Azim. - 115.40 South : * 
Anſwer. The variation is 20d, 12m. Eaſt, — 


But the variation may be found more eaſily by an Inftrament called the re&ifies, 10 


1 X 


whoſe deſcription is as follows : 


195. . The Reftifier deſcribed. f _— 


This inſtrument conſiſteth of two parts, which are two circles laid one up Wi 


— reer 22 — jy 4 — 0 - 
2 — 


another, and ſo faſtened together in their centres, that they repreſent two com- 


: Paſſes, one fixed, the other moveable ; each of them is divided into the 32 pony ah! i 


of the compaſs, and 360 degrees, and numbered both ways, from the N 
from the South; and ending at the Eaſt and Weſt, in go deg. | 


” 
> 
4 


The fixed compaſs repreſents the horizon, in which the North, and alt e point | | 


of the compaſs, are fixed and immoveable. 


The moveable one, repreſents the Mariner's Compaſs ſteered by, | it „ the] [ 


North, and all other points, are liable to variation.. 


q 1 
— _ 


— _ - E 
_-. _- — — 
2 - — — by the 3 = 


In the center of the moveable compaſs, is faſtened a filk thread, long eno h of | | | 
reach the outſide of the fixed compaſs ; but when it is made of wood, heres 4 7 


index inſtead thereof: The uſe 1s as follow. 


1. To 


VARIATION OF THE COMPASS, &. - 151 WM 


O's true azimuth - 113d. om. N. Eafterly.. = 
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courſe by che compaſs. 


ss VARIATION OF THE COMPASS, &. 


1. Tofind the Variation by the Refifeer. 


Note. Thoſe degrees numbered from the North, and the South towards the 


I Eaſt, are termed the right-hand, and the others towards the Weſt, are called the 


ä a#XAMPLE LE | 
At ſun-riſing, ſappoſe the true amplitude 57d. from the North, and the mag- 


| netic 73d. from the North, what is the variation of the compaſs, and which way ? 


Place 73d. from the North, on the right-hand in the moveable compaſs, to 57d. 
(from the North) on the right-hand in the immoveable compaſs ; then the Wark 
point of the moveable compaſs, will ſtand at 16d. on the left-hand in the immove- 


able compaſs, which ſheweth the variation of the compaſs is 16 degrees Weſt. 


ET MT LTE 5 
In the afternoon, let the true azimuth be 80 degrees from the North, and the 


2 magnetic 101 degrees. What is che variation of the compaſs, and which way? 


Place 101d. from the North; that is, 79d. from the South on the left-hand in 
the moveable compaſs, to 80 degrees from the North, or left-hand in the immove- 
able compaſs ; then the North point in the moveable compaſs ſtands at 21d. on 


© the right-hand in the immoveable compaſs, which ſhews the variation of the com- 
paſs to be 21 degrees Eaſt. 


Always counting amplitude at ſun-riſing, and azimuth in the forenoon, to the 


1 right-hand, or towards the Eaſt ; but at ſun- ſetting, and in the afternoon, count 


them to the left-hand, towards the Weſt. 
: 1. ToreQify the Courſe by the Rectifier. 
This Propofition hath two cafes 


| Caſe 1. The variation of the compaſs, and the courſes ſteered, being given; to 


find the true coutſe. 
EXAMPEE T1 


E Suppoſe the variation to be 21 degrees Eaſt, and the courſe ſteered by the com- 
= paſs is NE. by N. I demand the true courſe, the variation being allowed. 


1. Place the N. point of the moveable compaſs to 21d, from the North on the 


right-hand in the immoveable compaſs. 


2. Lay the thread or index (which is faſtened in the center) over the N. E. by N. 


| point in the moveable compaſs keeping it ſtraight out; then in the immoveable 
= compaſs the thread or index will lie on 55 degrees, or near N. E. by E. which is 
the true courſe required. 


G EXAMPLE II. 
The variation 14 degrees Weſt, and the courſe ſteered by the compaſs, E. S. E. 


I dem and the ſhip's true courſe? 


1. Place the North in the moveable compaſs to 14 degrees Weſt, in the im- 
moveable. et 
2. Stretch out the thread, or index, over E. S. E. in the moveable, and it will 


he on 82 degrees in the immoveable compals, or E. by S. a quarter E. the true 
E courſe required. 


Caſe 2 The variation of the compaſs, and the true courſe given; to find the 


EXAMPLE. 
The variation 21 degrees Eaſt, and the true courſe I ſhould ſteer is N. E. by E. 


What courſe muſt I fteer by the compaſs, to allow the variation? 


1. Place the North in the moveable compaſs, to 21 degrees Eaſt in the im- 


Emoveable compaſs. . 


2. Stretch out the thread over N. E. by E. in the immoveable compaſs, and then 


in the moveable compaſs, it will lie on 35 degrees, or near N. E. by N. the courſe 
yon mylt ſteer to allow for the variation of the compaſs. 
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TOWORK AN OBSERVATION. 


A deſcription of the azimnth and amplitude compaſſes ſhould follow, but they 
are Inſtruments eaſily and better underſtood, when ſeen, therefore the labour may i 


159 


be ſpared. 


_— 


e © 


ou 


196. Of an Obſervation, either of the Sun or Star, what it is, how, | | I 


and when taken, and fiading the Latitude thereby, 


1. AN obſervation is the finding either the ſun's or ſtar's meridian altitude (at i | 


ſea) with a quadrant, or any other initrument. 


2. Meridian altitude, is the height above the horizon of the ſun, or ftar, they” # l _ 


being upon the meridian of the place ef obſervation ; and that the ſun is, every 
day at noon, but the ſtars at different times, according to the difference of their 
ſeveral right aſcenſions from the ſun's right aſcenſion (191). 


3- A quadrant is the inftrument whereby only the ſun's altitude (at ſea) is. 1 "it 


found ; but by Hadley's 2 the altitude of a ſtar may be determined. 

Propoſition. The meridian altitude of any heavenly object, and its declination, 
given; to find the latitude of the place of obſervation. | 

In this Propoſition are two caſes, 
CAS Þ 

Where, or when the object obſerved doth both riſe and ſet in 24 hours. The 
rules are theſe, | 

Rule 1. The meridian altitude, and declination of one kind ; that is both North, 
or both South; the difference of the zenith diſtance, and the declinatian, is the 
latitude required ? | 

Note. In tie above caſe, when the declination 1s greater than the zenith 
diſtance, the latitude is of the ſame name; but if leſs, then of a contrary name to 
the declination. 

Rule 2. The meridian altitude, and declination of contrary names; that is, 
one North, and the other South, the ſum of the zenith diſtance and the declina- 
tion, is the latitude required of the ſame name with the declination. 


Note 1. By meridian altitude South, I mean the object obſerved is to the ; 
Southward of the obſerver ; and when North, then to the Northward cf the 


obſerver. EY 
Note 2. By zenith diſtance underſtand the complement of the meridian altitude 
of the object obſerved, 8 
r thus: 


Let EP Qs repreſent the meridian of any place, Z the zenith, H O the 


wy 


horizon, E Q the equator, P S the poles, and Za, Z b, Ze zenith diſtances of | 14 


the ſun or ſtar, being the complements of the altitudes Ha, H b, and Oc. 
A 5 2 
If the equinoctial be between the zenith and C 
the object; from Z a take E a, the remainder | 
E Z is the latitude of a contrary name to the f 
declination. | 
CASE - 


If the obje& be between the zenith and equi- H 
noctial; to Z b add E b, the ſum Ez is the 
latitude of the ſame name with the declination. 

GAS E UI. | 

If the zenith be between the equinoctial and the 

object; from Ec take Z c, the remainder E Z 
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1 TOWORK AN OBSERVATION. 
is the latitude of the ſame name with the declination. 


EXAMPLE I. 
On the 2oth of May, 1784, the ſun's meridian altitude 61d. 8m. South » and alti 


has declination zod. rom. North, what is the latitude of the place of obſervation ? I 

3 | d. m | the 
[ The ſun's zenith diſtance e 28 52 South me 
ns — :» 3420 10 North 1 


The ſum (by Rule * the lat. of the place 49 2 North 
XAMPP L E IL | 

On the firſt of July, 1784, the ſun's zenith diſtance being 11d. om. North, 

© and his declination 23d. 5m. North. What is the latitude of the place of obſer- 

won? | 

| TR d. m. 

From the ſun's declination - - - - - - 23 5 North 

Subtract the ſun's zenith diſtance = - 11 50 North 


The Rem. (by Rule 1.) is the lat. of the place 11 15 North 
Aa4SMPLE HL | | 
On the 3d of June, 1784, the ſun's zenith diſtance being 29d. 15m. South, and 
his declination then 22d. 26m. North. What is the latitude of the place ef 
obſervation ? | 
1 4 d. m. 
To the ſun's zenith diſtancge - - 29 15 South 
Add his declination - - - - - - - 22 26 North 


The ſum (by rule 2.) is the lat. of the place 51 41 North 
- SZLEAMEP ESE IV... . 
| On the 22d of Auguſt 1784, the ſtar Fomelhaut being obſerved, and his zenith 
© diftance 2cd. 17m. North, this ſtar's declination (192) is zod. 45m. South. What 
zs the latitude of the place of obſervation ? 1 | 
m. 


To the ſtar's zenith diſtance - - - - 20 17 North 
Add the ſtar's declination - - - 30 45 South 


4 * 


The ſum is the latitude required - - - 51 2 South 

I 3 ö E. X A M ” L E V. 

= The zoth of September, 1784, the foot of the croſiers (by ſome called the cock's 

foot) a ſtar much uſed in ſouthern voyages, being obſerved, his meridian altitude 

= was 48d. 6m. South; this ſtar's declination (192) is 61d. 54m. South. What is 
E the latitude of the place of obſervation? . | 


B | From the crofiers declination- = - - 61 54 South 
_ Subtra& the zenith's diſtance - - 41 54 South 


. - The remainder is the latitude required - - 20 o South 

E Caſe 2. Where, or when the object obſerved doth neither riſe nor ſet in 24 hours; 

chat is, doth not in the diurnal motion move below or under the horizon. 

Note 1. To ſome of the earth both the ſun and ſtars do not riſe or ſet, 

E bur are above the horizon, and upon the meridian of the ſame place twice in the | 

—_— 24 hours; and. this laſteth but for ſome part of the year with the ſun, but po 
ways with ſome ſtars. | 54 
Note 2. When the ſun, or a ſtar doth not either rife or ſet, and cometh upon 

the meridian below or under the pole, between the pole and horizon ; it is then at 


— 
3 
3 

. 

— 


5 


2 


1 
Ki 


nd 


n ? 


nd 
of 


th 


at 


C 8 


de 


obſervation? 


* * . Nins N 14 1 + CES "I Ty 
uf \ 
* 


TO WORK AN OBSERVATION. 16 


Note 3. Such ftars as do not ſet, come upon the meridian both below, and alſa 
above the pole, that is between the zenith and the pole, and their greateſt meridian 
altitudes are when they appear above the poles. 


Note 4. Where a ftar cometh upon the meridian, both below and alſo above ; 


the pole, it is always to the Northward of the zenith, both in its leaſt and greateſt 
meridian altitude; or elſe always to the Southward. 
Note 5. Again, there are ſome ſtars come upon the meridian, to the North- 
ward of the zenith, and below the pole ; and to the Southward between the 
zenith and the equinoCtial ; and alſo to the-Southward and below the pole; and 
to the Northward between the zenith and the equinoctial. | 
Note 6. Where the ſun cometh to the meridian below, or a ſtar, both above and 
below the pole, the latitude of that place is of the ſame name with the ſun or ſtar's 
declination : That is, if the ſun or ſtar's declination be North, the latitude of 
ag nag is North; but South, when the declination is South. 
ote 7. For thoſe ſtars which never come (the ſun never doth come) to the 
meridian above the pole, at their greateſt meridian altitude, the former two rules 
ſerveth for to find the latitude. ” 


Then to find the Latitude by the Sun under the Pole, or Stars both 
above and under the Pole. 


The RULES are theſe: 
Rule 3. The object obſerved, being on the meridian below the pole, the ſum 
of the meridian altitude, and complement of the declination, is the latitude” 
required, of the ſame name with the declination. 
Rule 4. The object obſerved, being on the meridian above the pole, the dif- 
ference of the meridian altitude, and the complement of the de 
latitude required, of the fame name with the declination, 


EXAMPLE. 
1. Auguſt 1, 1784, the ſun's meridian altitude, below the pole, or under the 
pole, was found to be 5d. 3om. and his declination 17d, 5om. North; what is 
the latitude of the place of obſervation. | : 5 
m. 
To the complement of the ſun's declination - 72 10 North. 
Add his meridian altitude below the pole 5 30 


The ſum (by rule 3) is the latitude - =» 5 77 40 North. 
E X AMF LE. 


2. On December the 18th, 1784, the bull's eye Aldebaran came upon the meri- | 


dian under the pole, and his meridian altitude was obſerved to be gd. 10m. this 
ſtar's declination (192) is 15d. 58m. North: what is the latitude of the place of 


| 3 d. m. 
To the complement of the bull's eye declin. 73 56 North. 


Add his meridian altitude under the pole = 9 10 1 brad 


The ſum (by rule 3) is the latitgde - - 83 6 North 
E er 
3. On June the 11th, 1784, the ſbot of the croſiers was obſerved under the 


pole, its meridian altitude 21d. 25m. the declination of this ſtar (192) is Gd. 


54m South ; I demand the latitude. of the "_— of obſervation ? 


clination is the 
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n 
To the complement of the ſtar's declination - 28 6 South 
Add to his meridian altitude TXU4Ek5F;̃ „%“ùZͤ eo ME 25 


The ſum (by rule 3) is the latitnde - - - 49 31 South 
EO EXAMPLE. 
| The 15th of February, 1784, the Northern pointer of the great bear came 
2 th idian above the pole, and his meridian altitude was $60. 10m. this 


ſtar's declination is 62d. 55m. North; what is the latitude of place of the 
obſerver? | - 
. m. 


From the ftar's meridian alt. above the pole - 56 10 
Subtract the complement of his declination - 27 5 North 
Remainder (by rule 4) is the latitude - - 29 «5 North 
In the preceding examples the ſun's altitude is ſuppoſed to be corrected for 
refraftion, dip, and ſemidiameter, and the ſtars altitudes for dip and refraction, 
without which corrections, the latitudes deduced will err ſome minutes. 


A general Rule from the requifite Tables. 
Find the true zenith diſtance, which is to be called North, if it be North of the 
ſun or ſtar, but South if the contrary. | 
Then, if the zenith diſtance and declination be both North or both South, add 
them together; but if one be North and the other South, ſubtract the leſs from 
the greater, and the ſum or difference will be the latitude, of the ſame name with 
the greater. | 


Refraion cauſeth the ſun, moon and ftars, to appear higher above the horizon 
than really are, therefore the refraction is always to be ſubtracted from the 
altitude . 


The rays of light proceeding from celeſtial bodies, in paſſing through the at- 
+ phere 7 are — towards — whereby thoſe — ps more elevated. 
Tue effect of this phenomenon is called refraction. | 
| The viſible horizon alſo differs from the true, by reaſon of the height of the 
obſerver's eye above the ſurface of the water. 
Elucidation. Let the circle repreſent a - A 
- feftion of the globe, of which T is the centre, 
S the point over which the obſerver ſtands, E 
th s eye, then will the line HE A be 
true horizon ; but the tangent line Et B 
touching the circle in t, will be the viſible B 
horizon, and the angle t E H will be the dip 5 
rr a ain ac- 
cording to height of the obſerver's eye, 
is always to be ſubtracted from the 25 
ſerved altitude of the object. | 
It ih common, and more exact, to take the 
Altitude of the ſun's lower limb; but, if that 
be obſcured, the upper limb muſt be taken; 
— 1 . th the mor 
may s be accounted 16 min. (ex in taking the diſtance of the moon 
from the ſun, in order to find the lon — then — accuracy is required, 
A the ſun's ſemidiameter muſt be taken for the day from the nautical almanac) 
diameter muſt be added to the altitude when the lower limb of the — 


: 


1. 


ne 
lis 
he 


or 


| TOWORK AN OBSERVATION, 
taken, but ſubtracted when the upper limb is taken from the altitude, to find the 


16 


ent altitude of the ſun's centre, which is to be corrected for refraction and 


dip by the following tables, to find the true altitude of the ſan's centre. 


*r 


{ 


A table containin 
ae level of the ſea. 


Being the ſame as exam 


A TABLE of Refraction, deduced from the lateſt Obſer- 
vations, made at the Royal Obſervatory at Greenwich. 


Eye above the ſurface 
of the water in feet. 


I 


EXAMPLE'LI | | : 
ple 1ſt (196) which, imagine not to be corrected, ſup- 


n 


. 


Alt. |RefraQ] Alt. |Refraa] Alt. |RefraQtj Alt. Refra 
D. M. S.] D. 8. D. M. S. I D. 
910 1 25 2. 2 40 1.8 
oF 28.2211 3 30 1.56 ö 
I 24-29] 12 | 4.23 | 27 | 1-51 | 42 | 1:3 
12 19.25] 13 | 3-57 $8 } 1-47 | 48 © 61 
. 18.35 14 | 3-45 | 29 1.4244 | 0-59 
21 | 26.26]. 15 3.30 | 30 1.38 45 [0:57 
3 14-36} 16 3% | 31 '| 1-36 | 4& Lext 
3z | 13-6] 17 3.4 32 | 1-31 | 47 | 0:53 
4 11.61} 18 |] 2.54 | 33 | 1.28 |} 48 [0.81 
4x | 10-48] 19 | 2.44 | 34 | 1-24 | 49 | 0.49 
5 9.54] 20 | 2.35 35 I.21 50 | 0.48 
6 8.28] 21: | 2-27 e | 1:18] $5 46 

nn — — 
7 7-20] 22 % ⁰ = | 1.16 7 06 -FRnd 
8 6.29] 23 1 ꝗꝗnꝗ 1 38 | 1-14 | 70 £m 
9 8.4800 24. | 8. 7 39 | 1.10 80 [o. io 
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Dip of the horizon 
in minutes. 


t 
reed 


g che quantity of the dip at different heights of the eye above 


poſe an obſerver on the poop of the — his eye about 27 feet above the water, 


obſerves the altitude of the ſun's lower 


imb to be 61d. 8m. and the true altitude i | 


La 


of the ſun's centre be required, alſo the zenith diſtance and latitude, 


Obrerved 


+ HL ES 
7H 


TO WORK AN OBSERVATION: 


| d. me 

| & Obſerved alt. O's LL. 9 61 8 4 

4 O's ſemidiameter, adi — — — 0 16 | 1 
3 1 | —— 1 
3 App. alt. O's centre — — == = — — 61 24 

7 Dip for 27 feet, ſubtract — — — — — 0 

£ 61 18 


Refraftion, ſubtract nearly — — — — — 0 1 


True alt. O's centre — — 
Which ſubtracted from — 


| 


Gives zenith diſtance — — — == — — 28 43 
Sun's declination — — — = — — 20 10 
3 | EXAMPLE 1M -: 
i ge on the 31ſt of July, 1790, an obſerver 40 feet above che level of the 
ſea, finds the apparent > of the ſun's lower limb to be 56d. 22m. South; 
che latitude of the place of obſervation is required ? a | . 
| m 
| App- alt. © lower limb — — — — — 56 22 c 
. 8 56 15 0 
O's ſemidiameter — — — — — — 0 16 
Ap O's Centre — — — — — — 56 31 
AE. en neareſt — = === = — — 0 1 
True alt. O's centre — — — — — — 56 30 
$un's declination — — — — — — — 18 12 


Subtrafted from — — — — — — — 90 0 


Latitude — — — — — — '— — $51 42N 
The examples are worked at full length, but the experienced mariner will 
eafily perceive they may be much contracted. 
EXAMPLE III. 
8 e on March the iſt, 1789, that the altitude of Jupiter was taken 60d» 
49m. the obſerver's eye deing 18 feet above the ſea, required _ latitude ? 
m. 


— 60 49 


Dip and Refraftion — 


2 
True altitude————— — — 60 44 


" FTenith diflance — — 
Declination — a as 


11 
S 


— .29 16 
— 22 27 
Latitude _ — - — 1 N 


« — = 
e 
— 


Sn 
— 


——z— — 
. o i 
— 2 


„ 1 1 
Jupiter is the brighteſt of the planets that paſſeth the meridian in the nighty 
and may ſometimes afford the navigator an opportunity of determining his lati- 


tude nearly as accurate as by the ſun ; the time of his paſſage over the dae 
and his declination is given every 6th day in the nautical almanac, 
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197. Containing @ ſhort Deſcription and the Uſe of HADLEY's 
HIS inſtrument is made from 3 to 18 inches radius: The parts of | | 
which are, = ; —- 
The Index D. 4 
The Index-Glaſs I. | 
be The Horizon-Glaſſes B. F. 1 
; | The Screens H. H. | 1 i 
d The ſight vanes EE, and the graduated arch AC, which contains only the if 
eighth part of the circumference of a circle, or 45 degrees, divided in 90 primary | 
diviſions, which, by the laws of Catoptrics, anſwer to degrees, and are numbered i 
o, 10, 20, &c. to go. Each degree is divided into 3 parts, of twenty minutes | 
each, which, by the help of the Nonius, or Vernier's Kale, are ſubdivided into 
minutes of a degree. 
* 6 
a. aud 
= 
= 
= 
ih — . 
e INDEX SB 
22 1 or bar, moveable on the centre of the inſtrument, and that part ef 
1 the index, which ſlides over the as arch, AC, is open in the middle to fo 
3 3 Ls a 
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E . the diviſions cut by the Nonius ; fe help of which an angle or altitude may 
E - be meaſured to a minute. On the bottom of the index, againſt the back of the 
= arch, there is a ſcrew to keep the index faſt when required. | 
The INDEX-GLASS I. 
Is a piece of glaſs, truly ground, filvered on the back, and ſet in a braſs frame. 
I he uſe of this glaſs is to receive the rays coming from an object, and to reflect 
them to the horizon-glaſſes. Behind this glaſs are ſcrews to ſet it perpendicular 
to the plane of the inſtrument. | 
The HORIZON-GLASSES BF. 
"Are ſmaller pieces of ground glaſs, one part of which is ſilvered (the other 
left tranſparent to view an object direct) ſet in frames, and placed on the 
imb at B and F, to receive the rays of an object reflected from the index-glaſs, 
and to reflect it again to the eye, looking through the holes in the ſight vanes. 
Both theſe glaſſes are mounted on adjuſting plates with ſcrews, by which the 
glaſſes may be adjuſted when neceſſary. F is uſed for a fore-obſervation, and B 
r the back-obſervation. 3 
; The SCREENS H., H 
Are pieces of coloured-glaſs, ground and ſet in frames; their uſe is take of 


W the glare of the ſun's rays, when too ſtrong for the eye. 


The - SIGHT VANES:'E,E 
Are two pieces of braſs ſtanding 3 to the plane of the inſtrument; 
the vane for the fore -obſervation has two ſmall holes in it; the inner one for 
more readily viewing the reflected image of ſtars, or faint objects, on the ed 
bf the filvered of the horizon-glaſs ; the other for viewing the image of the 
ſun, when bright, from the poliſhed ſurface of the unſilvered part. 

The Nonius, or Vernier, is a ſmall piece of ſloping, or featheredged ivory, 
braſs or box-wood, graduated and faſtened to the bottom of the opening of the 
index; but often the lower part of the opening is graduated for the Nonius, 
which is numbered thus, 10—=15—0—;—10; or thus, 10—-15— A —;—10; 
2 — 4 thus, 20— 15 —10—g—o, and ſlides upon the graduations of the 


The arch, as before obſerved, is divided into go degrees, numbered 10, 20, 
30, &c. and each degree into F parts, each 20 minutes, and is to be read thus: 
1d. — 1d. 20m. —1d. 4om.—2d.—2d. 20m. —2d. 4om.—3d. &c. obſerving to 
read to the diviſion that the o, or diamond-like point, of the nonius laſt paſſed 
over; then the nonius will give the number of minutes more, to be added to the 
| diviſion laſt paſſed by the nonius. Thus, ſuppoſe the o, or A of the nonius has 


paſſed over 12 degrees and two parts, or 12d. 40m. and ſtands ſomewhere between 
12d. 40m. and 13d. then obſerve what diviſion or line on the nonius coincides 


with any diviſion or line on the arch, that number on the nonius will be the 
minutes to be added to 12d. 4om. roo 15 on the nonius touches ſome 
© diviſion on the arch, then 15m. muſt be to 12d. 4om. and the angle or 
altitude meaſured will be 12d. gm. 1 | 
| N. B. No two lines on the nonius, except the two tens, can exactly coincide 
with the lines on the graduated arch, if the inſtrument be well divided. 
The principles of this excellent inſtrument are ſo well known, and have been 
ſo thoroughly „ 21 ur by many able Geometers, that, here a demonſtration 
is unn 3,1 ſhall therefore proceed to the ſeveral neceſſary adjuſtments 
Which this quadrant (as it is called) may require, not from any intricacy or im- 
perfection in the inſtrument, but from the very great exactneſs with which an 
„ be meaſured by it when nicely adjuſted. 
is inſtrument, though it come perfectly adjuſted from the maker's hands, 
which is not always the caſe, is liable to be put out of order by many accidents, 
_ ſuch as lying in the ſun, and the ſpray of the ſea cauſing it to warp, 6 


ere 
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and contracting the frame; ſometimes a fall, &c. It is therefore neceſſary, that 
the * ſhould be able to verify and readjuſt the ſeveral parts of his inſtru- 
ment at ſea. | 

Firſt, the index-glaſs muſt be perpendicular to the plane of the quadrant, 
which, if not, will be eaſily diſcovered by the following method: Hold the plane 
of the quadrant in an horizontal poſition, with the index-glaſs near the eye ; look 


right down the quadrant, in ſuch a manner as to ſee the arch of the quadrant vi | | 


direct, and at the ſame time reflected, by the index-glaſs, then if the reflected 
image, and the arch ſeen direct, make as it were but one plane, the glaſs is 
perpendicular to the plane of the inſtrument ; on the contrary, if the arch and 
its reflected image do not appear to make one continued right plane, it ſhews the 
index-glaſs muſt have an inclination, and this muſt be rectiſied by the adjuſting 
ſcrews behind the frame of the index-glaſs. It is eaſy to diſcover which way the 


arch. i | 
Secondly, the axis of the horizon-glaſſes muſt be parallel to the axis of the 


glaſs, when the index-glaſs is adjuſted. Thus, bring o on the Nonius nearly to 
© on the graduated — and look directly through the ſight vane at the moon, 
or any bright ſtar, ſo as to ſee the reflected image in the horizon-glaſs, and the 


object, at the ſame time, through the unſilvered part; then move the index | 


backwards and forwards ſlowly, and obſerve if the 3 and the object paſs directly 
ever each other, if they do, the axis are parallel; but if one paſs to the right, 


and the other to the left, then put your thumb upon the horizon-glaſs, and preſs i 


It a little, looking ſtill at the object, and you will immediately ſee which way it 
wants to be adjuſted, and may adjuſt it accordingly by the ſcrews on the adju 
plate. This a nice, though very neceſſary adjuſtment, and requires care 


patience, for a ſmall turn of the ſcrews will cauſe a conſiderable variation in 


the axis. 


I would adviſe the mariner to have a ſmall piece of coloured glaſs, ſet in braſs, | 


to ſlide over the fight vane occaſionally, to guard the eye, and then this verification 
may be commodiouſly made by the ſun as well as the moon or ſtar; for the ſcrews 


muſt be turned back, that the object and reflected image may be ſeen nearly | 


equally diſtin: Or a coloured glaſs fixed in a frame, to turn up agair 2 the | 
back of the horizon-glaſs (which is commonly fixed to ſectants) will have the ſame 


effect. 


this inſtrument. The common mode of 2 it is thus, bring o on the 
Nonius exactly to o on the arch, then looking directly through the ſight vane at 


zhe horizon; if the reflected horizon, in horizon-glaſs, appear higher or ö y \ 
lower than the horizon ſeen directly through the unſilvered part; then, by means ns 


of the braſs lever fixed at the back of the inftrument to the horizon-glaſs, bring 


both the reflected and direct horizon to appear as but one line. Theſe three ad» WM 
Juſtments being made, the inſtrument is completely rectified or adjuſted for any 


obſervation. 


The index error may be more accurately determined thus : ſlide on the coloured 

Frans u the fight vane, put the ſcreens back, and meaſure 

the diameter of the ſun, that is, bring the upper limb to coincide with the lower, 

if it meaſure 32 minutes * there is little or no index error; but if it meaſure leſs, nn 

add the difference to any angle you meaſure ; if more, ſubtract the differenes 
from any angle you meaſure, the ſum, or difference reſpectively, will be the true 


glaſs before men 


angle or altitude. 


The ſun's diameter in 2 is about 32 minutes and half, in July about 33 1 
minutes and half, and in April an 


October 2 minutes nearly. 


Thirdly, The index error. This adjuſtment is well known by thoſe who uſe | 11 


zxaM- Wl 


inclination is, by preſling the index-glaſs with your thumb while you obſerve the WM 


index glaſs, if not, the error is eaſily diſcovered and reQified in the fore horizon | q Wi 
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© Suppoſe the ſun's diameter meaſures 28 minutes, and the altitude taken by the 
= anftrument be 34d. 1om. then add the error 4m. the difference between 32m. 
= and 28m. the altitude will be 34d. 14m. but had the diameter meaſured 36m. 
© then the difference 4m. muſt have been ſubtracted, and the altitude would be 


LI 
"a 
L 
8 M 
* . « 
© 
33 * 
= 
* 
* * 
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he lower limb of the fun juſt ſweeps 
altitude of the ſun's lower limb - 4 the arch of the quadrant at that inſtant. But 
© the meridian, or greateſt altitude, is that, from which the latitude is to be 


always be neglected. 
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198. To take an Altitude of the Sun by the fore Obſervation. 
The fun is generally bright enough to be ſeen by reflection from the poliſhed 


| furface of the unſilvered part of the horizon-glaſs ; therefore look through the 
= outer hole in the ſight vane, having put one of the ſcreens down in its place to 


raard the eye. Hold the inſtrument vertical, and turning yourſelf towards the 
wm, direct the fight to that part of the horizon which is under the ſun ; then move 


© the index forwards 'till you ſee the red image of the ſun come down towards the 


horizon. If you meet with any difficulty in finding the red image of the ſun turn 


| the ſcreen back, and the ſun's image will be ſo bright you cannot miſs it ; and 


you may then put the ſcreen in its proper place again. Having brought the image 


| down near to the horizon, ſwing the octant backwards and forwards, making 


e the center of motion, ef the index forward at the ſame time, till 
e horizon, and you will have the apparent 


determined, which is exactly at noon or 12 o'clock. Now, if you have adjuſted 


mur watch by an altitude of the ſun, and have not failed confiderably to the Eaſt- 
ward or We » you may know exactly when to take the meridian altitude. 
But ſuppoſing you have failed a degree 3 Eaft or Weſt, it will make but 


4 minutes difference between your watch and the ſun, and much time may be 


ved in waiting to obſerve the greateſt altitude ; beſides your inſtrument will not 
lic ſo long expoſed to the wind and ſun upon the hen-coop, as is too commonly 
the caſe. Having found the apparent altitude of the ſun's lower limb, the follow- 


ig corrections muſt be applied: 


"Firſt. The index error, if any, to be added or ſubtracted, as taught in the 


| third correction of the inſtrument. 


Secondly. The dip of the horizon, (196.) 


b "Thirdly. The ſun's ſemidiameter 16 minutes, nearly. | 


Theſe three corrections give the apparent altitude of the ſun's centre, to which 


apply the correction for refraction, and you will have the true altitude of the ſun's 


centre very nearly, the correction for the ſun's parallax being ſo ſmall, that it may 


Of the Back Obſervation. 
I know no eaſy practical method, at ſea, to adjuſt the axis of the back horizon 


glaſs Hel to the axis of the index-glaſs ; therefore, ſuppoſing this to be truly 
pl by the maker, the following method will ſo far verify and adjuſt it, as to 
ae it extremely uſeful when the fore obſervation cannot be uſed on account of 
Band being in the way, or when a very obſcure horizon for the fore obſervation 

may make the back obſervation more eligible. | 


At any time when you have a clear horizon, both for the fore and back obſer- 


tion, take the altitude of the ſun's lower limb by the fore obſervation, fix the 
er, ſhift the ſcreens to the back horizon-glaſs, turn immediately round, and 


wie the back fight vane and horizon-glaſs ; then, if the upper limb of the ſun (in 
the obſervation it will appear to you to be the lower limb) appear to ſweep the 


morizon, the back horizon-glaſs is true; if not, adjuft it by its lever. Repeat 


his ſeveral times when the ſun does not riſe or fall very faſt ; thus your inſtru- 


4 
1 


ent will be nearly adjuſted, and ready for an obſervation when requiſite, 


x 
- 
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| The back obſervation is managed exactly in the ſame manner as the fore obſer- 
vation, only the back muſt be turned towards the ſun, the fcreens ſhifted to'that 
horizon-glaſs, and the ſemidiameter of the ſun muſt be ſubtracted (if the apparent 
lower limb be taken) and the dip added, to find the apparent altitude of the ſun's 
center; from which ſubtract the effect of refraction, and you will have the true. 
altitude nearly. | Re 
There is generally a lubber's lump, or ſmall piece of braſs, fixed to ſtop the 
where o on the Nonius ſhould coincide with o on the arch, which is ſeldom placed 
exact; I would therefore adviſe the mariner to throw it away, and truſt to his own 
eyes and care in the correction of his inftrument ; beſides, if this be taken away, 


the correction may be very accurately eſtimated by taking the diameter of the ſun, 


moon, or any object before and behind on the arch; that is, firſt bring the upper 
limb of the object to coincide with the lower, and note the angle; then take it on 
the extra arch, as it is called, that is, bring the lower limb to coincide with the 
upper, and note the angle: Half the difference of theſe two angles will be the true 
correction of the index error. | bs 4 
hp 27 ES IS "Mo e 
Suppoſe the moon's diameter meaſures 35m. on the arch, and 28m. on the 
extra arch, the difference is 7m. half of which is 3 fm. to be ſubtracted for the 
error, becauſe the diameter meaſures more on the arch, or gives the moon's 
diameter too much ; but had the extra arch given the greater angle, the error” 
would have been additive. | | 5 


199. To take the Altitude of the Mean. 


The moon's altitude may be taken by the fore or back obſervation, exactly bs | 


the ſame manner as the ſun's altitude, only here you muſt bring that edge of the 
moon into contact with the horizon, which is round and well defined, whether 


altitude are as follow : 
Firſt. The index error, as before directed. 7 7 : 
Secondly. The dip, to be ſubtracted in the fore obſervation, but added in the 
back obſervation, | . | 4 
Thirdly. Semidiameter, to be found in the nautical ephemeris for every non 
and midnight at Greenwich. If very great accuracy is required, this ſemidia- 
meter muſt be corrected for the intermediate time and for the altitude by the rule 
in page 16, of the tables belonging to the nautical ephemeris. ; 
Fourthly. Refraction, to be found and applied as before. 


chat be the upper or under edge. The corrections to be applied to the obſerved 


Fifthly. Parallax. The moon's horizontal parallax for every noon and mid- | ; 
night at Greenwich, is to be found in the nautical ephemeris. When nicety is 
required, this muſt be corrected ſor all intermediate times by the rule in page 16, 


of the requiſite tables belonging to the ephemeris. The moon's horizontal 
parallax being thus obtained, the moon's parallax in altitude may be found there- 
from, by page 16 of the tables aforeſaid, and 1s to be added. 54155 


200. To take the Altitude of a Star by the fore Obſervation. 


Set the index at o, and, holding the plane .of the octant vertical, direct e 


fight tothe ſtar, and at the ſame time look for the reflected image of the ſtar in the 
ſilvered part of the horizon glaſs. Stir the index a little, which will ſeparate the 


Pg 


refleQed image from the direct image; the former will be eafily diſtinguiſhed 


from the latter by its motion when you ftir the index. Continue to advance the 
index, and at the ſame time follow the reflected image of the ſtar with your eye, 
directing the ſight lower and lower, and changing the poſition of the octant as the 


image of the ftar deſcends, till you have brought it down to the horizon the 3 


index will then ſhow the obſerved altitude of the ſtar. The 
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The corrections to be applied to the obſerved altitude of a ſtar are firſt the index 
error. Secondly the dip. Theſe two give the apparent altitude. Thirdly, 
tze refraction, which gives the true altitude. The fixed ſtars have neither 
© ſfemidiameter nor . | 
In taking the altitude of a ftar or the moon by night, always get as near the 
water as poſſible. In eaſy weather a grating may be ſlung over the ſhip's fide, 
and the obſerver ſit upon it to take the altitude, the ſame may be done to take 
the altitude of the ſun in a hazy horizon, for the nearer the eye is to the ſurface 
of the water, the nearer the true horizon will be to the eye. 


201. To take the Diſtance of the Moon from the Sun, in order to 
N find the Longitude at Sea. 


In the nautical ephemeris you have the central diſtances of the ſun and moon 
for every three hours of time at Greenwich, on ſuch days as this method is 
prafticable, From theſe diftances in the ephemeris you are to compute roughly 
the'diftance between their neareſt limbs at the time of obſervation. If that diſtance 


be under 90 . ou may uſe an octant, but if above go degrees, a ſextant 
ich will 


is neceſſary, 
The moon muſt be viewed directly through the unfilvered part of the horizon 

laſs, but the ſan by reflection, and, if it be bright, by reflection from the un- 
] red part of the glaſs. Hence if the ſun be to the left hand of the moon, the 
octant muſt be held with its face downward. If the ſun be to the right hand of 
the moon, the octant muſt be held with its face upwards. One or botk of the 
red glaſſes muſt be let down, as the ſun is more or leſs bright. 

Set the index to the diſtance between the neareft limbs of the ſun and moon 
computed roughly as before, and, placing the face of the octant by the foregoing 
rules, direct the fight to the moon. Then put the plane of the octant into the 

of the great circle paſſing 3 the ſun and moon; that is, put it into 
uch a poſition, that if look along the ſurface, or rather edgewiſe againſt the 
eftant, it may ſeem to make a line paſſing through the ſan and moon. The knack 
ef doing this is to be got by practice only. Swing now the octant between the 
finger and thamb, and the red image of the ſun will paſs by the moon to and fro, 
ſo near that you cannot miſs ſeeing it. Their edges muſt then be brought 
” Into exatt contact. And here obſerve, firſt, that the images of the ſun and moon 
maſt touch only at their external edges; the body of the ſun muſt not (in this 
vibratory motion) paſs over, or ever be upon the body of the moon. Secondly, 
E the edge of the ſun muſt touch the enlightened edge or round part of the moon, 
not the part from the ſun which is either hollow or gibbous, and always ill de- 
fined.* Theſe two cautions obſerved, move the index till (by giving the octant 
” a vibratory motion as before, the edge of the ſun juſt bruſhes the edge of the moon 
© as they paſs by each other. The index then ſhows on the limb the obſerved 
dance of the neareſt edges of the ſun and moon, to which apply the following 
© Firſt. The index error. | 
E Secondly. Semidiameters. The ſemidiameter of the ſun for every ſixth day, 
und of the moon for every noon and midnight, at Greenwich, are to be found in 
- the nautical e is; from whence their ſemidiameters at the time of obſer- 


meaſure an angle of 120 degrees. 


© vation are to be computed by the requiſite tables. The ſum of theſe two ſemi- 


diameters is to be » or ſubtracted reſpectively, as the nearer or remoter 
limbs were taken. ; ; : | 


© © From new moon to the full, the enlightened edge of the moon is turned towards 
= the Weſt. From the full to the new, the enlightened edge is turned towards the Eaſt. 
This is the caſe when the moon is ſeen directly; but the contrary, if it be viewed through 
n a wleſcope that inverts the objects. Theſe 
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Theſe two corrections properly applied, give the apparent diſtance of the cen- 
tres of the ſun and moon. fi] | | | 

The diſtance of the moon from a ſtar is taken in the ſame manner, but the full, 
or well defined limb of the moon muſt always be uſed, and the ſemidiameter of 
the moon added or ſubtracted reſpeQively, as the faid limb is towards or from 
the ftar. - | | 1 

Theſe apparent diſtances muſt be corrected for refraction and parallax to find the WM 
true diſtance of the centres, as ſeen from the centre of the earth, and from this 
true diſtance the longitude at ſea may be determined, as will be hereafter ſnewn. 
The ſextant needs no particular deſcription, it being nothing more than the | 

fame inſtrument, very accurately made, with a larger are, and conſequently 
meaſures a larger angle. There is generally a teleſcope magnifying 3 or 4 
times, adapted to the ſight vane of this inſtrument, which makes it ſtill more 
accurate. 
' Young obſervers find great difficulty at firſt in uſing the teleſcope, becauſe'i 
inverts the objects, and contracts the field of view, but practice renders 

uſeful, eaſy, and neceſſary to the accurate obſerver. I. 
Let the young obſerver firſt bring the two objects, whether the ſun and moon, 
moon and ſtar, or the ſun and the horizon nearly into contact, and then ſere in- 
the teleſcope ; he will ſee the objects inverted, and be unaccuſtomed to this fight Jann 
at firſt, but in a little time an obſervation this way will be as familiar to him, as Ja 

when the objects are ſeen direct. F747 514 1415 


To adjuſt the Teleſcope. 


The axis of the teleſcope is placed by the inſtrument maker as nearly parallel ü 
as poſſible to the plane of the quadrant, and muſt be ſuppoſed to want no adjuſt» Wn 
ment in this point at ſea. BY | 1 

On the back of the ſight vane, which moves upon an axis through the plane 
of the ſextant, there is a thumb ſcrew which draws the ſight vane, with the 
teleſcope, nearer to, or moves it farther from the plane of the inſtrument, to 
ahuſt the teleſcope nearly in a line with the edge of the ſilvered part of the horizon 1 

laſs. ; | | I; 10 | 
, For this adjuſtment, by the ſun, turn up the dark glaſs againſt the back of the \ {YM 
horizon-glaſs, bring the index to o on the graduated arc, look directly at the ſun 
through the teleſcope, and move the index a little; then if the object ſeen direct, 
and the reflected image are both ſeen diſtinct, they may need no further adjuſt» Jn 
ment; but, if one ſun only appear, then, by means of the thumb ſcrew, move } 1 
the teleſcope nearer to, or farther from the plane of the quadrant, till the W 
ſuns appear the plaineſt poſſible. To adjuſt by the moon, or a ſtar is exactly the Yui 
fame, only the dark glaſs muſt be turned down out of the way. ; mY 
The other adjuſtment is to fix the teleſcope in ſuch a poſition, as to ſee the image 
when the index is on any part of the graduated arc of the ſextant. | 1 
Act exactly as in the firſt of the former adjuſtment ; bring the reflected Ja 
image down till the index will move no further; then, if you do not loſe fig 
of the reflected image, on account of the teleſcope pointing too high upon the 
horizon-glaſs, it may need no further adjuſtment ; but if you loſe fight of the 
reflected image, point the teleſcope lower, by turning it upon the axis of the fight! 
vane, more towards the bottom of the horizon-glaſs, till you ſee the reflected 
image to the greateſt advantage, in moving the index through every part of th 
graduated arc. It may (but ſeldom) be neceſſary to move the teleſcope upwards. 
his adjuſtment requires the on to be acccuſtomed to obſerving with the 
teleſcope, otherwiſe he may eafily loſe fight of the reflected image, although the 
teleſcope be truly fixed, 4 _ ? 
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Ie may not here be amiſs to admoniſh the navigator, that a good watch (if with 
a ſecond-hand the better) is become a uſeful inſtrument at ſea, without which he my 
© cannot aſcertain his latitude by a double altitude; nor his longitude by the diſ- | 
unos of the moon from the ſun or a ſtar as hereafter taught. | 9 9 


— 


c HAP. XI. 
. +» Containing aftronomica! Knowledge, uſeful at Sea. 


Cn ith 202. Of Parallax. 


RALLAX, is equal to the difference between the altitude of a celeſtial 

object ſeen from the centre of the earth and the altitude of the ſame object, 

| at the fame inſtant from the earth's ſurface. Or it is the angle that the 

| ſemidiameter of the earth would appear under, ſeen by an obſerver placed on the 

| planet whoſe parallax we ſpeak of. : 
* Elacidation. Let the ſmall circle at T repreſent the earth, the centre of the 

© arcle the earth's centre, and the circumference the earth's ſurface, | 

© Then the middle circle Z ) may be ſuppoſed the moon's orbit, or her N 

round the earth, and the outward circle her apparent path amongſt the fixed 


| ftars. 8 P 
Now at moon riſing, ſuppoſe two obſervers 
were placed, one at the centre, and the other 
on the ſurface of the earth under Z; the for- F 


mer would ſee the moon at A, and the latter 
| at B, among the fixed ſtars; the angle B) A 
equal to the angle, that the ſemidiameter of. 
| the earth yamen | the 33 arallax. 
Again, the moon above the horizon, 
| 8 angle D) C is the parallax in alti- 
© tude, for the moon would appear at C to an 
Eabſcrver on the carth*s ſurface ; bur it would 
© appear at D from the earth's centre, to which — | a 
Erhe moon's declination, longitude, &c. is found by aſtronomical tables, and 
Lealculated in the Nautical Almanac; conſequently the moon's true place cannot 
be 8 obſervation 'till the effect of parallax, as well as refraction is 
The mean diſtances of the planets from the earth in geographical leagues, 20 
io a degree, | 9 | 


Su —— — — 27,809,344 
Moon — — — 69,059 
Mercury from the ſun — 10,764,563 
Venus from the ſun — 20,115,400 
Mars — = = 42,372,507 
Jupter — — — 144-635,833 
" "Saturn — -— — 265,283, 60 


3 The mean diſtances of Mercury and Venus are nearly the ſame as the ſun's, 
herefore their diſtances from the ſun, added to, or ſubtracted from the ſun's 
dee from the earth, will give their greateſt and leaft diſtances from the earth 
xeſpeRively. | 5 5 
. The ſemidiameter of the earth is 1146 geographical leagues. my 
1 There far 
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NAUTICAL AS TRONOMY. mz 
"Therefore to find the mean 8 of any of the planets, it will be 
as the diſtance is to radius. ſo is the earth's ſemidiameter to the tangent of the 
kocizontal parallax. | : | 
EXAMPLE. 


9 


Let the ſun's horizontal 2 be required. | 
Log. ſun's diſt. 6.rꝛo 1 
n os -  OO I 
Log. earth's ſemidiameter — — 3,0059185 1 
Tangent 8 ſeconds — hh. 5615000 i! 


The great diſtance of the ſun, and other planets, makes their parallax fo very 
ſmall, that it may be neglected in all nautical aſtronomical obſervations, except 
of the moon, whoſe proximity to the earth makes her parallax of conſiderable 
magnitude, when ſhe is not in the zenith Z, or very near it; at which time ſhe 
is ſeen in the ſame point of the heaven's from the centre as from the ſurface of 
the earth. The effect of the parallax is always to be added to the apparent 
altitude. | 1 5 

The moon's horizontal parallax is given to noon and midnight in the Nautical 
Almanac; and her parallax in altitude may be found by the following rule, or by 
table XII. and precept in the requiſite tables to the Nautical Almanac. 


„„ "= 


As radius 1s to the coſine of the apparent altitude, ſo is the fine of the horizontal 
parallax to the parallax in altitude. 


EXAMPLE. - 

Let the moon's apparent altitude be 370 15/, and her horizontal parallax 59/ 
0/”, required her | in altitude, 

Radius — — — Io, ooo 

Coſine 379 1575 — — 9.900914 

Sine - 0 597 10“ — 8,235782 
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Sine - 02 47 44 — 8,1 36696 | 
203. To find the Latitude by a Meridian Altitude of the Moon. 


This*problem I ſhall make local to the chops of the channel, where it is moſt | 
likely to be deſirable. In problem zd, page 15 of the requiſite tables, the 
reader may ſee a general precept. | 
The moon alters her declination conſiderably, almoſt every day. In the chops 
of the channel her declination muſt be found by proportion, or by the afare- 
mentioned general precept, to about 20 minutes after the time ſhe paſſes the 
meridian of Greenwich: Alfo her parallax in altitude muſt be found by (202) _ 

Then the moon's apparent meridian altitude being correQed for JE Wit 
refraction, &c. the latitude is determined in the ſame manner as by the ſun (1989 
The moon's declination, ſemidiameter, and the time of her paſſing the meridi 
at Greenwich, are given in the Nautical Almanac. ? Vt 53 | 


4 EXAMPLE. | = 
| Suppoſe on January 12th, 1786, entering the channel, the meridian altitude 
of the moon's upper limb was taken 669 29/ South, the obſerver being 7 feet. 
above the water, required the latitude. 
The moon paſſes the meridian at Greenwich at ich. 35m. P.M. the moon's 
declination at noon is 269 31/. at midnight 250 5&/ ber horizontal parallax 
about 58/, and her ſemidiameter 16” nearly. wy ; 


= » x . - 
* 1 1 acl 4 as * FS" thy ; — 4 I g 1 * 
6 P _— \ . 1 * 1 4 * hs wy 3 L bo 8 REO a "Ie" ws 2K 2 * 2 3 n x 4 * * 1 FE" — 1 
— - 
e — — 2 5 _ A — = 2 — — — — — 8 2 2 - 
n 1 — C7 — on — Gy 1 + * ">> 7 JOE "Þ: > le r — nen — a ens, — 1" * * 2 — — "= 
r 2 — — _ — — i r — — > . — — — — 
— — — . — > — — — ade — 2 - - — — 8 
o . 0 ** 7 2 « 8 5 
—— — — ... S [IIS — - — — — — - i 3 * —— wh n= =_ 


K — — 
5 . — — — 
o2 - \ = 
rr — 
* y nnn . 


n 
\ 
— 


LEN \ l 
- — +4 — 


— 
n d 
\ l 


_ 


L : 
CO EPO P. ˙—²ä PV PERLA 0 III Ys ee a pg ——— — — . — . —————— 
> 3 l + = why At _ A = — 
"B - 2 A Sb b 9 8 - _ = 
— 3 


b 
* 4 5 \ a. n ' * * 
w—_ * Fs — 8 * . __ © a. n 1 
n — 9 rr > „ rrp ee ” _ * 262 2 — — wan A enn =* 
N PEP Sw. IAEA fn pang yr — - 
- _ 
[I 
= » 5; 


mn NAUTICAL ASTRONOMY.” 


obſervation 720 47/ ; ZA the zenith diſtance at the ſecond obſervation 70% bo's 


P — — * — . 
C = Sas * * DN E 2 „ * 4 2 * 
- 


N F 8 6 — 
„ 6 ; , & * R 3 
4 * a : 


The moon's lax in altitnde will be found by (202) 51/ nearly; and 
the declination for 10h. 55m. (that is 20” later than at Greenwich) will, by 


1 Inn: be found to be about 259? 59/, which is the neareſt minute, tho 


being neglected. 5 
App. alt. D s UL - - — 66 29 
D *8 ſemidiameter - — - o 16 
App. alt. D 's centre — — 66 13 
Ds parallax in alt. o 24 \ 
33 66 37 
e = = 0: 4 
True alt. Þ ꝗꝛs centre- - — 66 33 


Ys zenith diſtance - = - 23 17 
D's declination c a 
Latitude in „% 
Thus, the latitude may be determined by the moon, within 6 or 7 minutes, 
when the obſerver is not leſs than 2 degrees, nor more than 8 to the Weitward of 


204. To find the Latitude from two Altitudes of the Sun, having the 
92 elapſed Time given, without the ſuppoſed Latitude. 


EXAMPLE I. 
8 e at 10h. 24m. A.M. the ſun's true altitude to be 49“ 9, and at 1h. 
z4m FP. M. the ſun's true altitude 51 597, the ſun's declination 129 16/ N. 
Let AP, PC be the ſun's pow diſtance equal 770 447; 
ZC the zenith diſtance at the firſt obſervation 400 5 3 
AZ the zenith diſt. at the ſecond obſervation 38917; 
the angle APC the elapſed time zh. 5om. between the 
obſervations, turned into degrees equal 420 30/. Draw 
the great circle AC, and let fall the perpendicular PB, 
then the angle BPC, half the elapſed time, will be equal 
21? 15}, 
In a right angled ſpherical triangle BP C, there 
8 C is given P C 77 44/, and the angle BP C 214157 
to find the fide BC and the angle PCB By (135) 
BC will be found 202 44/ 35“, which doubled gives AG 419 297 10%. its 
by (135) the angle PC B will be found 85 16/ 37”. 15 
Then in the triangle AZ C, there is given AZ 400 51, CZ 380 1/ and AC 


found, 419 297 10//; to find (by 145) the angle CAZ equal 598 181 18//, 


No we have in the triangle AZ, the ſide AP 77 44/7; the fide — 


ö 27 b 17; and the difference between the angles PAB and Z AB equal to the angle 
A 


269 587 19%, to find by (143) or (147) the fide PZ, 429 40/ the comple- 


ment o 
EXAMPLE HI. 


Suppoſe at ich. 17m: A.M. the ſun's true altitude was found 170 137, and at 
21h. 17m. it was 199 41”, the ſun's declination being 20 0, S. required the 


Let AP, PC be the polar diſtance 1109 o/; ZC the zenith diſtance at the firſt 


9 


and the angle APC the elapſed time, 1 hour, equal to 155 draw AC, and let 
fall 1 perpendicular BP; then the angle BP C, half the elapſed time, will be 
2 300. | | 
: In the right angled ſpheric triangle BPC, as - P 
in the firſt example, AC the double of BC, will 3 
be found 147 5 267%; and the angle PCB 
922 34.41%. 
Then in the triangle AZ C the three ſides are 
given as before, to find the angle ACZ 77? 
8/ 58//, which ſubtracted from the angle PCB 
eaves 14˙ 55/ 43“ the angle ZCP. 
And in the triangle Z CP we have an angle 
between two ſides as before, to find PZ the com- A 
plement of the latitude equal to 399 59/ 56//. 
It may be here noted, that when the polar diſ- 
tance is more than go degrees, the angle PCB C 
will be obtuſe, or the ſupplement of the angle 
immediately found by (135) ; which will be always the caſe when the declination 
and latitude are of contrary names, but otherwiſe not. | . 


An eaſy general Rule to find the Latitude; two Altitudes of | the Sun, 
its Declination, elapſed Time, and ſuppoſed Latitude being given; 
independent of the Tables publiſhed for that Purpoſe. 


R U L E. 


declination together, ſtrike out 20 (the index) and call the ſum A. 
From the natural tine of the greater altitude take the natural fine of the leſs ; 
the remainder will be the natural fine of an angle; the log. ſine of which find, 


and call B. 

Take the log. co. ſecant (without the index) of half the time between the ob- 
ſervations, it C. -N. B. The time mult be reduced into degrees, at the 
rate of 150 per hour. 


Add A, B, and C together, from the ſum ſubtract the log. of 2, the remainder 


is the log. ſine of an angle; the difference between this angle and the angle of 


half the time, will be the diſtance the ſun was'from the meri when the greater 

altitude was taken. / |; : , 
Take the log. verſed fine of the meridian diſtance, from which ſubtract A, the 

remainder: will be a log. verſed fine, the natural verſed fine of which, added to 

the natural verſed ſine of the greater altitude, will give the natural ſine of the 

meridian altitude of the ſun, from which the latitude of the place of obſervation 

=P be obtained in the uſual way. 

f 


the latitude thus found differ much from the latitude by account, repeat the | | 


operation, uſing the laſt found latitude. 
In the work 5 figures, beſides the index, are ſufficient. 
EE A A M FL © 


Being at ſea, in the latitude of 479 19/ N. by account, when the ſan's decli- : 
nation was 129 10/ N, at ich. 247 A. M. per watch, the ſun's altitude was found 
49? 9 ; and at 1h. 14” P. M. per watch, his altitude was found 519 59: Re» 


* 
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DD the log. ſecant of the latitude by account, and the log. ſecant of the | 
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= 60 degrees to the eaſtward it will be 8 o'clock aſternoon. 
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Times. Alt. N. Sines Secants, 

2 A 9=7564,2 Lat. - 19 —10,16880 

1 14-51 59—7878,3 Dec. 12 16—10,01003 
DiE 2 30 | 0,17883 A 
Half 1 25=21 15 3141 he. 2 c 


— 


9,11668 
Log 2-0, 30103 
345/28, 81563 
2115 — 
17 30-8, 66542 
— 0, 17883 A 
Nat. V. S. 03063==8,48659 
Greater Alt. Nat. S. 78783 


— renomrha toe. 


Nat. S. 81846=540 567% the 


* — Mer. Alt. 
Which ſubtracted from go?, 

Gives the zenith diſtance 335% 47 

The declination add + 6 TT 


Latitude inn — 47 20 ; 
A third and more eaſy method of determining the latitude by a double altitude 
of the ſun, is by the ſolar tables at the end of this work. This method as well 


as the laſt requires a ſuppoſed latitude, and is ſubje& to limitations, pointed out 
in the precepts, to deduce an accurate latitude. 


Tb firſt method, tho? laborious, is general, and truly ſcientific, regard 


- 


being had to the time between the altitudes, which, when ſo great as to cauſe a 


conſiderable alteration in the ſun's declination, the ſun's polar diſtance muſt be 


angle P C B may be found by (141) ; this additional labour will not at any time 
be neceſſary when the time does not exceed two hours; and when the ſun's daily 
difference of declination is more than 10 or 12 minutes, 3 or 4 hours or more 


4 between the altitudes, will not occaſion a material difference in the angle PC B. 
- 05: The difference of Time under different Meridians, and other 


bike - Effeniials to the Nautical Aſtronomer, 
» When it is noon. at any place, then to all thoſe places which lie eaſtward of that 


© meridian, it is paſt noon, and to thoſe places which lie to the weſtward, it is not 


vet non; every 15 degrees difference of longitude making one hour difference 


in time. The longitude of places in the requiſite tables, is reckoned from 


Greenwich obſervatory, to which meridian our modern aſtronomical tables are 


calculated. 


Now let us ſuppoſe it four o'clock in the afternoon at Greenwich, then 15 


ecs to the eaſtward it will be five o'clock, but 15 degrees to the weſtward it 


all be only three o'clock, and 60 degrees to the weſtward it will be noon, but 
: © Elucidation, 


pound at the time of each altitude, then there will be given the two polar diſ- 
© tances, and the angle between them to find A C by (147); afterwards, the 


NAUTICAL AS TRONO MT. 
Elucidation, c. Let the circle GENW repreſent a ſection of . 
che earth in the equator, & the meridian of Greenwich, G the ſun; 
P the poles, upon which the earth is revulving from W. to E. and 
CT a portion of the ecliptic; then as the figure ſtands; the ſun 
will be on the meridian of Greenwich, or it will be noon there; 
but the ſun will appear to be riſing at W, and ſetting at E, or 
it will be fix o'clock in the morning at W, and 6 in the evenin 

at E, and midnight at N. Six hours after W will be in the 
place of G, and G in the place of E, or it will be noon at W, 
and 6 o'clock in the evening at G; alſo it will be the ſame time 

under the ſame meridians all over the worid. Again, let us 


ſuppoſe a ſhip on the meridian, midway between G and W, then be” 
x om time it is at Greenwich, it will want 3 hours of that time at the ſhips 


but if the ſhip were upon the meridian half way between G and E, it will be the 
contrary, for when it is noon at Greenwich, it will be 3 hours paſt noon at the 


ſhip. N. B. Aſtronomers begin their day at noon, and reckon 24 hours to the 


next noon ; thus March the gth, at 6 minutes after 1o o'clock in the mornings 
with aſtronomers will be March the 8th day, 22 hours and 6 minutes. 

If a ſhip in either of the above ſituations, or under any other meridian, ean know 
the time at Greenwich, the longitude the ſhip is in, from Greenwich, may be 
immediately known, by turning the difference of time into degrees: The time 
found by an altitude of the ſun or ſtar, is the time under the meridian the obſerver 
is in, and is as many times four minutes different from the time at Greenwich, as 
he is degrees to the Eaſtward or Weſtward of Greenwich. 
time- piece, which would keep true time for two or three months, being the moſt 
e and eaſy method, has been attempted by many, but with little ſucceſs 

icherto. 

The eclipſes of Jupiter's moons, which are almoſt inſtantaneous, is a good 
method, but impracticable at ſea, becauſe teleſcopes of a ſufficient magnifying 
power to ſee them cannot be uſed on the ocean. 5 

Eclipſes of our moon may ſoniztimes afford a good opportunity for determining 
the longitude nearly; by obſerving the time of the beginning or end, which are 
ſeen at the ſame inſtant wherever the eclipſe is viſible, and the times are accurately 
calculated for the meridian of Greenwich, in the nautical almanac. 'The only 


objection to this method, is the difficulty of r the beginning and end 


of the eclipſe, on account of the penumbra of the earth's ſhadow. 

The method that bids the faireſt to be univerſal, is by aſcertaining the diſtance 
of the moon from the ſun or a ſtar; an introduction to which method, with the 
previous knowledge, is the chief ſubject of this chapter. 


206, Of the Variation of the Sun and Moon's Declination. 


While the eatth is revolving round its axis (205), making day and night; the 


ſun 1s alſo moving through the ecliptic * in the order of ſigns from Weſt to Eaſt, 


as 15 evident by (155, &c.) ; conſequently increaſing or aria. declination, _ 


whether North or South every hour, in proportion to the daily difference. The 
lame may be conceived of the moon. e 
The ſan moves forward in the order of the ſigns, every day, nearly 60 minutes; 


which makes his daily difference of declination, when greateſt, upwards of 23 
minutes. The moon, apparently, moves the ſame way, 13 degrees (more or leſs) - 


every day ; which makes her daily difference of declination, when greateſt, more 
than 6 degrees. 15 5 | | | 
It is thecarth's annual cirevit in its orble nt great this apparent motion to the ſuns 


— 


Various means have been thought on to determine the longitude; a watch or 
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- 179 MAUTICAL ASTRONOMY, 
The declination of the ſun and meon is calculated to the meridian of Greenwich, 

for noon, therefore will not be ſufficiently exact in cloſe aftronomical calculations T, 
E for any other time of the day under that meridian when the daily difference is 

E confiderable, nor will it be true for noon under any other meridian, until proper 
allowance is made by proportion, or by tables calculated for that purpoſe : the 


beſt are in the requiſite tables (ſo often mentioned before) publiſhed by order of 
the Board of Longitude. -—- 115 et a 
| : EXAMPLE, _ 


Sup in longitude 45 degrees Weſt, September 18th, 1786, at 4 P. M. the 
ſun's declination is required? PENN | 2 
At 4 o'clock under that meridian, it will be 7 o'clock at Greenwich (205); to thi 
which time the ſun's declination muſt be found. 
The difference between the fun's declination September 18th and 19th, is 
'23/ 20”, a proportional part for 7 hours is 67 48”, which, becauſe it is paſt noon, pa 
and the declination decreafing, muſt be ſubtracted from 19 43/ 21// the ſun': 
declination the 18th of September; the remainder 10 36/ 33” will be the ſun's 
declination North at the given time, in the | __ longitude ; but if the time at , 
Greenwich had been before noon, or the declination encreaſing, the intelligent al 
reader will eaſily perceive that it muſt have been added. ; 


207. An eaſier Method of finding the Hour, or the Altitude e the Sun, 
Moon, or Star, at any given Time, thau by (180) and (182). 
2 Let the circle P QS E repreſent the meridian, 
QB the center, HO the horizon, E Q the equinoc- 
tial, D C a parallel of declination North, A F the 
ſun's altitude at 6 o'clock, TM the ſun's altitude 
at any time, and LL the parallel of the ſun's alti- 
tude at 6. | | 15 
Then PH, or the angle PBH, will be the alti- 
tude of the elevated pole, equal to the latitude; 
and OC will be the ſun's meridian altitude, which 
D is thus found; if the latitude and declination are 
both of the ſame name, that is, both North, or 
both South, the ſum of the declination and com- 
: plüGKkVbement of the latitude will be the ſun's meridian 
altitude“; but if of contrary names, then it will be their difference. 
Now there is given A B the ſun's declinatfon, and the angle P BH, the latitude, 
to find AF, the ſun's altitude at 6 o'clock, thus: 
| Ass radius BP. S PBH : : AB.. AF ⁊æ 
The natural ſine of which (AF) ſubtracted from the natural fine of OC the meri- 
dional altitude, alſo from the natural fine of TM the obſerved altitude; the fir 
remainder will be the natural fine of the angle CAL, and the latter will be TI; 


_ S.CAL -- radius CA: : TI. AT, : 

and AT turned into time, is how much it is paſt 6 o'clock in the ſorenoon, or hon 
much it wants of 6 in the afternoon ; or AT ſubtracted. from 6 hours, will give TC, t 
|. the time from noon, either before or after, reſpectively as the ſun's altitude was 
taken to the Eaftward or Weſtward of the meridian. Thus alſo the moon's or 2 
= frar's diftance from the meridian may be found, when the latitude and their decli 
mon are of the ſame name. 


» When. this exceads go degrees, the. ſupplement to 380 degrees myſt be taken. 


© £* 


1) 


NAUTICAL ASTRONOMY: ty 


To find the Sun's M0 titude, his Declination being of the fame Name 
with the Latitude, 


Find the natural fine of AF as before, and ſubtract it from the natural fine of 
the ſun's meridian altitude, the remainder will be natural fine of CAL ; there 
muſt be alſo given AT, the time before or after 6 o'clock; in degrees and minutes, 


then it will be, 
As radius CA. S. CAL: + AT. . TI. 
Tc o the natural ſine of which (TI) add the natufal fine of AF; the > m wilt be 
the natural fine of the ſun's altitude for the given time. 
The altitude of the moon or a ſtar is determined in the ſame manner; having by 
(191) found TC (in degrees and minutes) the time before they come to, or have 
paſſed the meridian, which ſubtracted from go degrees gives AT. : 


KXAMPLE hH 


In latitude. 460 25/ N. the ſun's declination being 119 17/ N. and the true 
altitude of his center (198) was 469 55/, required the time. 


The co. lat. „ , ooo 
Declination «2 „„ „ 8 „ 11 5 =O an. 


= 54 50 


® _ 10,000000 
= - 9,860202 


M eridian alt. „„ ae we ²Ä ee 6 e-& 


As radius BP - = - 
Is to S. lat. 46 27” PBH 3 
So is S. dec. 11177 3 


9 


4 7 


, 
„ 


223 
—— — 
To S. 89 A- — - +. - 9,151700 


The natural ſine of which is, ,141 51. 


Nat. fine Oo So 4 % 4 6: 6 581748 
Subtrat 1 —L— „514101 


Nat. ſine CAL 23K... <> <5 : 
< 573036 ' © I 


Nat. ſine Mo nnn 
Subiraht AF YT %%＋—RN 514181 
; —— — 
Nat. ſine TI OO 2 - - - - - 2 mY 8 4 a 1 558855 5 N 
Then 
As CAL 567 67 —_ FFF 9.829735 
Is to radius CA- - - - - = 1 0,00000d | * 
80 15 Tl »58855 — — — — — — - - - «a — 9769783 . | 


— — 


To S. AT 600 3% co? ᷑—»—! % 9 
That is 4h. 27 19// after 6 o'clock in the morning; of Ih. 57 41/7 after ook 


Having your watch regulated to time thus found, or «7 (190) and your longi- 
tude not much altered afterwards, the ſun's azimuth is found by (183) thus; 


As the ſine of the ſun's altitude, is to the ſine of the time From noon (in degrees 
and minutes) ſo is the fign of the ſur 3 declination to the fign of the ſun” 3 


1 EXAMPLE n. 


What! is the altitude of the ſan's center in latitude / N 0 100 
when the declination is 199 347 N! 550 55 x, 4. 5 , 


azimuth, 


M 2 | \ 4 J | | 


* * * x" 
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© NAUTICAL ASTRONOMY. 


The natural fine-of AF will be found, in the ſame manner as in example the 
farit, to be, 25636; alſo the meridional altitude 59? 377 and its nat. fine „86260; 
and cheir di nce 1 y 


Then, ; 
% 10000000 
2 tO 60630 - =» =» E:!!! EE eB ed AL, 9,782688 
0 iS. A U 2 0 
To = %%% 9168889 


Add AF , 25636 | 
The ſum ,40389 is the nat. ſine of 230 49 the true altitude of the ſun's centre. 


From what precedes, two very eaſy rules may be deduced to find the time, 
having the altitude of a celeſtial object and its declination : and to find the altitude 
having the time and declination ; the latitude and longitude nearly of the place 


bring Known, 
; 208, To find the Time. 


Add 1 the fine of the latitude, and the fine of the declination together, rite out 
10 from the index, and find the natural number of the ium, which, tor the lake 
of a familiar name, call the ratio. 


From the natural fine of the meridional altitude, and from the natural ſine of 
the given altitude, ſubtraR the ratio. Then ſubtract the log. ot the firit remainder, 
from the log. of the ſecond remainder, adding 10 to the index, ine dinerence is, 
tac ſine of the time from 6 0 *clock, or the coſiue of the time from noon, in degrees 
and minutes. 


— 


209. To find the Altitude. 


Firſt, find the ratio, which ſubtract from the nat. fine of the meridional altitude; 
then add the log. of this remainder to the ſine of the time irom © o'clock, or to 
the coſine of the time from the meridian (in degrees and miauccs) ; che natural 
number of the ſum added to the ratio, is the natural ſine of the aititude. 

If the latitude and declination be of contrary names, that is, one North and 
the other South; the rules will be the ſame, only add the ratio, Vt take the ſums 


inſtead of the remainders, and the contrary, as will be plain by the following 
diagram. 


Let the letters repreſent the ſame things as 
before; then DC will be a parallel of declina- 
C nation South, and AF the depreſſion of the ſun 
at 6 o'clock, or how much it is beio the ho- 
. rizon, which muſt be added where it was ſub- 


7 


** TI is the altitude. 


EE 


E X AM P L. k. | 

= What was the true altitude of the ſun's centre December zit, 1781, at 22h. 4 
1 church, latitude 51® 39 N. | ; 
; f Time 


Et 


: 0 tracted before, and ſubtracted where added, 


OOO 4 


di 


eee. 8 


FAC 0 1 end can. ad  £Ad-. 


the 
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NAUTICAL ASTRONOMY. TY 
Time from 6 o'clock equal 619 &/. ; 


wel 3 * 
- 3 2% 


C0. latitude 8 2 — G6 . — -w . » bs 
Sun's declination * - - — - - a: Sa - — _ 


4 * 


Mer: b ttt et WET 4-20 CURE. 


5 — | : 
Sine 5 38 i¶t:.; 9.894346 5 
Sin TOE 1 I Oe SN ns 


— — 


Ratio - — 31 1 2 —— 5 - - 5 _ 9.494464 cb 

Nat. ne = $4 34. = $6 #7 mo ae 29713 29 

Sane” 7 LS “0000 0 RNS 
Sum, 56935 


Log. - = =. 36933 — = go_6S3702 
hg | 61% h —n ons 


) 
' 
' 


Nat. num. 
Ratio 


„ 
* 


SC 48 
»31222 | 


ee 


Remains - - 518575 the natural fine of 10 42/, the altitude required: 

When one altitude is thus faund, 20 more, for different times, may be found 
in a fey minutes, either to verify your quadrant, or to make N allowances for 
dip. & c. 


210. Of the Longitude by the Diſtance of the Moon : from the Sum or 
2 Star. 


Elucidation. Let © be the ſun, Þ the moon, _— * a 1 *. the arcs 
O., ) and O, * repreſent their 3 at any time ST the meridian of 
Greenwich. | 

The moon moves 12 degrees or more every day from © . ee 
Weſt to Eaſt, among the fixed ſtars, in the direction | 
*I &. Then by (205) and (206) it will be plain that 
the diſtance of the moon from the ſun or a ftar cannot, 
under any other meridian, at noon, or any other time, 
there immediately deduced, from obſervation, be "the 
ſame as at noon, or the ſame time deduced from obſer- | 
vation at n 

Let us ſuppoſe the are D, O, and the arc p, *, the 
diſtances of 2 moon from the ſun, and a ſtar at any hour 
under the meridian of Greenwich, ſuppoſe noon, then by 
(205) and (206) when it is noon at W. it will be ſix 
hours paſt noon at Greenwich, and the moon will have 
moved about 3 degrees (ſuppoſe. to I). nearer. the ſun, 
and as much further from the tar, Therefore, inppoing 
the moon's daily motion to be, in a direct arc between 


the ſtar and ſun, juſt. 12 degrees, we ſhall have by proportion; as: 12 „ | 


motion of the moon is to 24 hours, ſo is 3 degrees ta 6 hours, the difference of 


time between the two meridians, which, * into degrees, makes go Weſt 


longitude; but when i was noon at E, it wanted 6 hours of noon at G, and the 


M 3 moon 
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i NAUTICAL ASTRONOMY. 

degrees nearer. the ſtar, and ees further from the ſan, and E 
would — been found go degrees to the Bang] of Greenwich. 

The moon's diſtance from the ſun, and ſuch ſtars as are molt eligible, is cal. 
culated as nearly truth as poſſible, by the beſt tables extant, to every three hours 
for the meridian of Greenwich, in the Nautical Almanac, and by proportions the 
diſtance may be found to any minute ; — —— if their diſtance under any 
other meridian is exactly determined, the longitude of the place may be found 
nearly. The great obſtacle to the — of this method of determining the 
longitude at ſea is, the difficulty of clearing the obſerved diſtance from the effect of 


— and refraction; to which * the remaining part of this chapter is 


— the obſerved Diſtance of the Sun and Moon's Centres Þ © (201) 
ed Zenith Diſtances Z © and Z ), that is, the complements of 
* and the obſer to find the true diſtance. 


With little reflection it will be conceived, that neither parailax nor refraction 
can alter the angle ) Z D; for the ſun, whether ſeen at © or D, and the moon, 
ſeenat d or T, in the heavens, will be in the ſame azimuthal circles, or 
on the ſame — of the 8888 therefore only affected in their — which 


the 

the obſerved _— lance of the 
| Þ the obſerved. zenith diſtance of . 
* io fad the an wes dp > 2 © by (145.) 


Fhen correct the and Z © ford © 
eig of parallax and re og ſee (198) 
99) and (202) nd there wall ven in the 
le D, the — 1. 25 and the D 


Triangle 
included angle 12. 00 to find the true diſtance 
TD, by (147) or (143-) 


— 


E XR A M I. E. 
8 


50 ) 102? 30, Z) 62230), AQ 749 35), and the moon's horizontal 
* 57 3”, * _ the angle ) Z ©, which is found by (145) 4 


E 2 c. ar. O,052071 
74 35 ” 2 @Q- „ 2 2 © ©. CO. ar. 0,015915 a 
—— TCC | 9.938438 
239 35 Ke 9473101 
21947 30 5s 195479525 
4 EIT | 
17 17 3 . 76 
Gives t the angle D Z . 12 ; a th 
| Fhan. 699 - moon's 


parallax in altitude, by (102) will be found 50%/ 36” 
. ration by e nd fleing) 17458, what eng owed will wa ie Zr, 
Z n 3" 2 

| e e loved , 
; EAT _ T2 D the two fides correfted, and the 
ni angle 2 (Td the vie ae TP, by (143) or (147) 3 by the 
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: a — 2 
8. G1 41 13 - - - - - =- 9944665 
. 9. 36:87 += <= (>. + 
8. 113 22 12 - =- =- - - - 9,5984:6 


- 


9,358680——,3367 

Eg ET = 11 

Co. 8. 61 41 13 oe GOD ew 9,676043 # 
Co. S. 74 38 17 - - - - - - 9,423108 


| 9,09915l——,1256g 
12* 117 10/—, 21109 1 
The given angle being obtuſe, the difference of the natural fines „21 109 gives 
the excel of the fide above go degrees, or the true diſtance T D 102% 111 10 . 
There are various methods depending upon trigonometrical calculation, f 
clearing the diſtance from the effect of parallax and fefraction eafier than by the 
above, but perplexing to the learner ; and to elucidate them by examples would 
ſwell this book in price and fize to no purpoſe, as the eafieſt methods are by tables ay 
c. !:ulated for that purpoſe, ſeveral of which are contained in the Nautical Alma- 
nac, and Tequiſite tables, with proper precepts and examples. The only method a 
I ſhall inſiſt upon is, by Dr. Shepherd's tables (as they are called) by which, 
neglecting the accurate precepts there laid down, the corrected diſtance may be 
found in three minutes ; and m 22 ſufficiently exact to determine the longitude 
within half, or three quarters of a degree, which is, perhaps, as near as the data 
obtained at ſea will admit; beſides when the navigator has once had the pleaſure 
of determining his longitude within a degree, or a little more (about 40 miles in 
the Chops of the Channel) he will naturally enquire into the cloſer methods of 
calculation: Therefore take the following precept and examples as an introduction 
to the uſe of the above tables, and be not affri at their bulk. 5 
Look for the neareſt obſerved diſtance of the moon and ſun, or moon and ſtar, 
at the top of the tables: Then, in ſome of the columns under 5, find the neareſt } 
degree to the moon's altitude; and in the adjoining column, againſt it, or lower 
down under *, find the neareſt degree of the ſun or ſtars altitude (allowing for 
dip for the ſun, moon or ſtar, if conſiderable); againſt this latter you have in the 
next column the minutes and ſeconds of the effect of parallax and refraction, which 
take down upon a piece of paper, and alſo the number in the next column, which 
is called the correcting logarithm. Obſerve whether the fign + ſtands between 
the minutes and ſeconds above, if it does, the effect is to be added to the obſerved 
diſtance ; but if this fign—it is to be ſubtracted. When the correcting logarithms al 
have an afteriſm between them, which will not often happen, the correction for 
them may be omitted, and only the minutes and ſeconds, immediately taken out; 
be added or ſubtracted as above. | 
The effect immediately found is for the horizontal parallax of ' 53 minutes, 
which ſubtra& from the given horizontal parallax, and look for the minutes of 
the difference at che top or bottom of the table, intitled, « A TABLE of ml 
PARALLACTIC LOGARITHMS,” chat folds at the beginning of the tables, 
and the ſeconds in one of the left-hand: columns; then under the minutes, and 
_ the ſeconds, take the parallactic logarithm, which added to the number 
en out before, and find the ſum in the ſame table, then at the top and bottom 
you will have the minutes; and the ſeconds in the left - hand column, to be added 
to the effect found for the parallax of 53 minutes; the fam muſt be added o 
ſubtracted according to the ſigns + - to from the obſerved diſtance, to find f 
che true diſtnot, nearly. 7 EXAMPLES 


| 


VE — rn ety mn eee ns , 
— — PR<An b..” ET Aaix.. \ 
| l . ——̃̃ ( 
3 by —_— DO — . . 8 — 
3 - — —— * 


r - — — — —— 
; | VU . -à ⅛—ͤvCuñuñ T ne rn — 


* Let Re w2s: — — 


| 2022 wp find the | 
= parallax and refraftion, though not ſufficiently exact, fi 
© truly taken, to determine the longitude to much leſs than half a degree. 
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NA UTICAL AST RON OM V. 
EXAMPLE (the laſt.) 


184 


1 Diſtance centres O, Þ, (201) — —' 102 Jo 
I : Altitude D g centre (199) — — — 27 30 
1 Altitude O's centre (198) — — — 15 25 
Horizontal parallix — — -— 0 57 3 
. Subtract aw — == ?? — a 53 © 


In ſame of the pages, intitled Apparent Diſtance. &c. 102 Degrees, ſeek the 
moon's altitude 27% under ), a little lower under “ find the ſun's altitude 15 


- againſt it, with the ſign —above, is 16/ 31“ and 447 ; ſet them down on your 


+ + 


Paper. 4 8 
I den ſeek / at the top or bottom af the table that folds out at the begining of 
che tables, and 3“ in the left hand column; againſt it ſtands 347, which put under 
7. their ſum 794, or the neareſt to it 793, being found in the ſame table gives 


= - 
— 


Sage minute at the top, and 27 ſeconds in the left hand column, to be added to 


36/ 317-;-the ſum 177 58/7, which as the ſign was —, muſt be ſubtracted from 
—_—_ 102? 127 2%, DEAT cleared from the effet of 
u 


ppoſing the obſerved diſtance 


The whole Work. 
" Correction r 167 31“ — Cor. log. 347 
51 Par. log. 447 


- 


102 12 2 Diſtance cleared, 
FN 
. „„ 
Apparent Diſtance - - - - 43 35 44. 
Moon's altitude - - - » - - 9 38 
—  - > - + .- ' 11 19 
Hors a tal Parallix - - - - - © | 
| i 20n 5 Subtract o 53 © 


Remains 1 52 


3 Here 44* is the nearefi diſtance ; lo the neareſt altitude of the moon; 


and 11% of the ſiar, 
Correttia +» - 3 51 — Cor. log. 110 
| ob 74 Par. log. 683 
| —— 
Q 9 — Sum 1792 


—ů— . | 
: „ 43 31 42 Diſtance cleared. 
Clboſely calcylatcdia « r + 43, 31, 3 


EXAMPLE 
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Obſerved diftance = +, »- = 30 22 17 
Moon's altitude 20 9 
Star's altitude - - - - 12 27 
Horizontal parallax - - - 0 57 24 
Subtrat o 53 o 7 
/ i" | 4+ * | 
+ 6 51 = = 2 * ” 920 
311 
0 32 1 - — > - 1231 4 
+ 3 | | * 
38 22 17 1 84% 
38 29 40 Diſtance cleared 8 | : 
Cloſely calculated is - - — > 38 28 50 


The common method is to ws two, three, or more diſtances, ſoon after each ö | 


other, having three aſſiſtant obſervers, one to note the time by a good watch 
regulated by (zog) the other two to obſerve the altitudes of the objects. Then 


divide the ſum of the reſults of the obſervations by the number of obſervations, to | | | 


obtain a mean of each. | EXAMPLE. 
July 7th, 1775, about a quarter paſt 3 P. M. the following obſervations were Wi 

taken ; the height af the obſerver's eye rs br feet above the water, the latitude Wa 

in 3 3e 37N. the longitude by Account 409 Weſt, and the horizontal parallax ma 


7 1 : 
1 . Alt. Moon's Diſtance of 
lower Limb upper Limb neareſt Limbs 
„ 209 109“ 52, 
45 1 20 38 109 54 
90 44 40 8 119 46 
© — , ——ä—ä my Ion, —— — 4 
45 22 mean. 20 4 mean 19 53 mean 
4 dip. | 4 dip. 
45 v0 10>. 0... | 
O's diam. 15 {of J's 15 43” O&)'s 31 30" 
1 47 19 44. 17 1160 24 30 
Horizontal parrallax | „„ -< - ow” uh 
|: OD... 


a I. 47 42 


30 nn 
r0p 56 & 43 the diftaree of the fun and moon's centres cleared kom 
the effect of parallax and refraction. The 


; * 


%% NAUTICAL ASTRONOMY. 


- ze was zh. 16'8” at the Ship, the difference of time 2h. 
| 1 wht gives 40 44 the longitude Weſt of Greenwich. 
ut 


TY eb - _ we : (EG als 


The time at the ſhip zh, 167 87% i this example is immediately deduced from 
the ſun's altitude by (207) and neither the regulated watch, nor third aſſiſtant 
wanted. If the watch be regulated either before or after obſerving the diſtances ; 


© then 13 may be found by (207) to the corrected time, and two aſſiſtants 


Now the diſtance of the ſun and moon at 6 o' Clock at Greenwich, by the 


Nautical Almanac, was 199” 87 416%, and at 3 o'clock there, it was 1082 5/ 58 
| the 


the difference, 1 31/ 8” 1s the moon's motion in 3 hours; and the difference 


E between the diſtance found at the ſhip, and the diftance at 6 o'clock at Greenwich, 


is only 28 ſeconds, which ſhews it was almoſt 6 o'clock at Greenwich. 
To find how much it wanted of 6 o'clock, the proportion is; as 1h. 31/ 8“ or 


F $498 ſeconds, is to 3 hours, or 10800 ſeconds; ſo is 28 ſeconds to 55, ſeconds, 


time it wanted of 6 o'clock at Greenwich, or it was ch. 59/ 5” there, when 


5 
— 57 turned into 


if the young nautical aſtronomer obſerves two or three diſtances, &c. at 


| different times within an hour or two, and finds the lon gitude to each obſervation, 


and takes the mean, it will probaby be much nearer truth. _ | 

3 1 with the price and ſize of this book would permit me further to enlarge upon 
ches 81 however, 1 hope, to the intelligent reader, what has been Eid wil 
be a ſutcent inducement to the ſtudy of nautical aſtronomy, for the promotion of 
which the Board of Longitude have uſed their utmoſt endeavours, and have publiſhed 
At a modetate price, many uſeful tables, to facilitate the requiſite labor. 


2 * 
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CHAPTER XIII. 


h Lea Reckoning, or Feurnal, tubat it is, and the Manner how it is 


kept, Directum to corrett it, with an Example, and the Explanation 
terecfX | * : 


HE keeping a good reckoning, or journal, is not only to the mariner's 
reputation, — (under God) the preſervation of a ſhip, and all in it; the 
ignorance thereof has been (if not the only, I may ſay) the chief cauſe of loſing 
divers rich ſhips, and many dear and valuable lives, and thence the impoveriſhing 
of ſereral families. ; | 

I hen certainly, it ſhould be their great concern, to be expert herein, who take 
on them the navigatiag ſhips to remote places, when ſo great a truſt as men's lives 
and eſtates are repoſed in them, that fo, by a knowledge of, and a conſtant careful 
practice in keeping an exact journal, they may not only bear the name of nav1- 
gators, but thereby prove themſelves deſervedly worthy of the title of Complete 


And for the complete keeping a journal, I prefer this method hereafter follow - 


f | ing; which, though it Be new, and uſed by few, yet I doubt not, but, when better 


© wind, weather, with all accidents and occurrences that may happen. 


| 

1 
' 4 
= 
i 
$ 

in 


known, it will be more in practice : Now, that you may rightly underſtand what 
It la and how to keep an account of the ſhip's way by this new form, I ſhall thus 
EX n it. 
1. Know that a journal, or ſea- reckoning, is a punctual writing down every day 
in a book fit for that N the courſe, diſtance, difference of latitude and 
eparture the ſhip hath e, what latitude and longitude ſhe is in; and alſo the 


© 


# 


» * 


2 — — 


letters, thus: 


Fs . * * 5 * * N 


HOW T.O KEEP A JOURNAL, mh] 
Jo perform which, after the beſt manner, do theſe preparative things. : 
1 Provide a folio book of two, three, or four quires of large paper, and let 

it be ruled like the log - board (72) with five columas, taking up about half the | 


breadth of each page. 
The five columns may be marked, or noted at the head of each ag | 


H Hours under it are the hours of the ys | 
K 24 K E ; l 
'Þ 9 _ OS: ae C run out that day. } 
B Courſes, which have been ſteered that day. [ 
W Winds, which have blown that day. : | 


Secondly, Rule 12 lines croſs the aforeſaid five columns, and fo far aſunder, | 
that on occaſion you may write two lines pf writing- in the ſpaces between thoſe| 
lines; then will the ſame ruling ſerve for an Eaſt-India voyage, or a ſhip of wars 
in which the log is heaved out every hour, and alſo for other voyages, where it is | 
pſed every two hours. | 

Thirdly, In the third column (marked at the upper end with ) write < 
the hours of the day; that is, for common voyage, 2, 4, 6, 8, 10, and 12, and 
2, 4, 6, 8, 10, and 12: But for Eaſt-India voyages, or hips of war, 1, 2, 3. Ke. 
to 12 at midnight; then 1, 2, 3, &c. to 12 at noon. chus far is the bool 
fitted, and prepared to copy off the log- board. 

F ourthly, Under theſe five columns let there be ruled 12 ſhort columns, whi 
may take up the whole breadth of each page of the book. Theſe may be intideds | 
25 in the journal following this diſcourſe, and need not any farther explanation. 

Now ſuch a book, ſo ruled as here directed, each page thereof will contain tu 
days failing, with all appertaining thereunto, as ſhal wn appear. = 

Firſt, having a journal-book thus prepared, and now on your departing = 
firſt thing is to enter the title of the journal, which may be done thus: 2 the pil = 
or head of the firit page of the journal-book, write the title thereof in words aſtꝭ 
the form immediately before the journal. * | 

And now the book is completely fitted for the uſe intitled, and that is ke * 
2 ſea-reckoning, after this manner. i018 

2. Next under, or after the title, (write in the blank ſpace between the fi 
column for the wind, and the fide of the book). The year, month, day, | 
hour, you part with ſight of the land, and alſo the circumſtances and actions an 
the ſame, &c. as here you may ſee in the two firſt ſides of the journals; which 
by reaſon of the ſmallneſs of this hook, extends to both pages, which are to be 
eſteemed but as one page, or fide of the journal. | 

. Every day, at noon, write in the five columns the ſame you find written a 1 
the log-board, which contains the ſhip's courſes ſteered, diſtances run by the log i 
what winds have blown, what fails handed, and when. i; 
4. In the vacant ſpace of the right-hand of theſe five columns (which takes wal 
more than half the breadth of the book) expreſs the tranſactions of that day, ai 
winds, weather, currents, ſetting of the ſea, handling of ſails, meeting or parti 
with ſhips, death of men, variation of the — and all other accidents and 
occurrences whatſoever. BY 
5. Then correct the ſeveral courſes by allowing for lee-way, currents, an 
variation, according to the nature of them; and bring them into one courſe (bil 
725 73» &c.) you will find the ſhip's, courſe, diſtance, difference of latitude, and 
arture from the meridian, which being ſet down in thoſe columns bearing t o 

0 40 then by (162) find the * oy ſhip is in, and ſet that in its. propel 
column: And by (95) or (106) find the longitude the ſhip i is in, and place t haf | 
in the 12th and laſt column; and thus you finiſh the day's 2 1 
E 


1 
Ml 
i 
| 
| 
| 
| 
| 


1 
| 
F 
| 
1 
| 


= HWOW-TO KEEP A JOURNAL. 
For the leeward; or leeway, the allowances are generally ſuch as in theſe eight 
Eiollowing caſes. "I 8 | 
Fu, The ſhip being upon a wind, allow one point for leeway. 
Secondly, The wind blowing hard, ſo as to cauſe two reefs to be taken in both 
is ; allow two points for leeway. | 
| hirdly, When it blows ſo hard, that both topſails are taken in, and the ſea 
un high; allow then three points for leeway. 
= Fourthly, The foreſail being furled, and the ſhip tries under a main-ſail, and 
= mizen ; allow four points for leeway, for ſhe then makes her way about four 
points before the beam, as the ſea phrate is. 
& Fifthly, When the ſhip tries under a main-fail only, ſhe then makes her way 
near three points betore the beam, that is, near five points leeway. | 
Sxthly, If the ſhip tries under a mizen only, her way is about two points 
rede beam; that is, allow fix points for leeway. EN 
= Seventhly, When ſhe lies a hull, that is with all her fails furled, her way is 
one point before the beam, and then ſeven points is her leeway. 
2 y, I che wind has blown hard at W. S. W. and made the ſea run high, 
he: (hip ſtemmeth South, and the wind ſhifting to E. S. E. then, whilſt the ſea 
Eotinues to run ſo high, it ſtrikes the ſhip on the lee-bow, and abates the leeway. 
Note, In all theſe eight caſes, reſpect mutt be had to the ſmoothneſs of the 
er, or the ſea's running high, and then the allowances may be rectiſied with 
ne g gy AM by ſetting the ſhip's wake by a compaſs, placed on the taffel 
C the 1 » Y 1 
; e wich a conſideration of the ſhip's trim, ſail abroad, ſtreſs of 
ad, and growth of the fea, being put into practice. will fo improve the young 
igator's judgment, that he will ſeldom fai! of making good allowance for the 
ſnip 'S leewa 5 ED 
6. Aber this manner are you to proceed every day from noon to noon, which is 
beginning and ending of the aftronomical day, by which the mariner's keep 
Their ſea-reckoning. ER | 
>. Remembering always to obſerve for rhe latitude, when opportunity offers, 
that being a chief thing to-be depended on, and by which the reckoning is con- 
| 2 ed or rectiſied. 2 f 
g. When the latitude by account agrees with the latitude by obſervation, then 
s the reckoning confirmed, and you are ſure it is kept well. 
6-9. But if they diſagree, then either the ſhip hath out run your reckoning, or 
ar reckoning hath out- run the ſhip ; and there is ſome error either in the courſe, 
ace ſailed, or both of them: Now to find where the error lies, conſider whether 
ee de a current or not. X Mo | 
0. If there be a current try it, and find which way it ſets, and how faſt ; and 
dat correct both courſe and diſtance ; and it that makes the reckoning latitude 
agree with the obſerved latitude, you have then truly corrected the reckoning. 
But if you, only by ſome probable reaſon, conjecture there is a current, then give 
at allowance you think meet to the difference of latitude and departure, and 
Re if that will reform your reckoning latitude, that it agree with the obſerved 
zitudc ; if ſo, you have gueſſed well: But if ic will not agree with the obſerved 
ricude, it is to be ſuppoſed that there are miſtakes in your conjeQure, or ſome 
| cauſe produces this error in the reckoning. 
11. When there is no cnrrent, nor any variation, or if there be either, or both, 
nc are allowed for according to art and reaſon, and yet your account will 
| Pot agree with the obſerved latitude ; then there is an error either in ſteerage, or 
dhe log, and to know in which it is, take the following rule: 
—_— Differ. of latitude } 
Departure 


Log. 


the greater, the error is in the { . 


12. Wilen 


HOW TO EEEP A JOURNAL: tr 
12. When there is an error in the courſe ſteered, after you have made every. | 
allowance you can think of, ſuch as variation, heave of the ſea, current, tide, or 
perhaps bad ſteerage, chen correct the difference of latitude, to make it agree with } 
the latitude by obiervation, and the work is done. 
13. But when the error lieth in the log, the diſtance is faulty; and this is the | 


caute which moſt uſually makes thę difference between the obſerved latitude, and 
the latitude FP the account. And herein are two caſes, 


Caſe 1. In North Latitude, ſailing towards the North; and in 
South Latitude, ſailing towards the South. | 


If the obſerved latitude be greater, thea hath the ſhip outrun the reckoning z 3 
but if it be leis, the recxoning hath outrun the ſhip. ö 


Caſe 2. In North Latitude, ſailing towards the South; and in South 
Latitude, ſailing towards the North. | 


If the obſerved latitude be greater, then hath the reckoning out- run the thip ; * 
bur if ir be leſs, the ſhip bath out-rua the reckoning. | 
14. When the ſhip hath out- run the reckoning, then 1s the reckoning too little, 
and the difference between the obſerved latitude and reckoning latitude, muſt be wi | 
added to the North or South column in the reckoning ; and ſo doing, it is 
corrected. - 
15. But when the reckoning hath out-rur the ſhip, then is the reckoning too i 
great, and the difference between the obſerved latitude and reckoning latitudes 11 
muſt be ſubtracted from the North or South columns in the reckoning; and o | | | 
doing, it is corrected. "HHH 
16. To correct the departure (the Eaſt or Weſt column in the reckoning) wed it | 
| 
| 


ä 
r e r - 
5 
8 


the error is in the diſtance, do thus: Add up the N. S. E. and W. columns from 
the beginning, if it be the firſt error; otherwiſe from the laſt error, or from the _ 
laſt oblervation to the day of the preicat error, in order to find tae difference of nl 
latitude and de 3 as was ſhewed in adding up the columns in a traverſe. 1 
And then e proportion to find the error, or correction, in the departures 018 
is thus: 1 
As the differenoe of latitude is to the departure, 3 ä x i= 
So is the correction in latitude to the correction in departure, ; bo 
Note, Correction in latitude is the difference between the obſerved latirude, and 1 
reckoning latitude. iN 
The correction in departure muſt be added to, or ſubtracted from the Eat or 
Weſt column in the reckoning, according to the 14th or 15th rule ajorelaide; — v 
io the departure will be corrected. IN 
17. To correct the longitude do thus; Find (by the table of meridional | parts} | 
the meridional difference of latitude, between the obſerved latitude and. th the 
reckoning latitude, and then the proportion is this: „ 
As the correction in latitude is to the correction in departure; 1 2 20 <7 = 
So is the meridional difference of latitude to the correction in lon inder: — 
Then, according to the new way of computation of longitude in the Mariner x 1 
Compaſs K ectiſied, if the longitude and its corrections be both Eaſt, or both Wet, 
add 1 Bi one Eaſt, and the other Weſt, ſubtract, and the longitude is corrected. 
{Theſe rules may be as good as any for correcting che reckoning, which is 4 
nothing more than taking the mean of an error: I would therefore, adviſe the Þ 
mariner to take care that his log-line and half-minute glaſs are true, attend tc 
heave of the ſea, &c. have good helmſmen, if poſſible, and ry correction 1 
às ſeldom as poſſible. 3 
And having gone over the rules and directions about keepipg and correQin; a iſ 
1EA-. = 


Wh 
A , of 


Rags HOW TO KEEP A JOURNAL. 


Eiea-reckoning or journal; I will alſo give an example of a journal of an intended 
Lwoyage from the Lizard towards Barbadoes, that the foregoing rules may be the 
better underſtood. | | | 
= And although this following journal be but an example of ſeven days (being ſo 
pgchgied that this book might not ſwell too big) yet it may be of ſufficient intel- 
Agence to a diligent reader, for the right underſtanding this method of keeping 
and Il. ſea journal ; eſpecially if the following explanation be deliberately 
© Com ith the preceding directions; and thereby as informing, as if the whole 
eries of the voyage had been inſerted, which would have augmented both the book 
and its price, but not anfwerable to the underſtanding thereof. 
Haring treated about keeping and correcting a journal, which cannot well be 
done till the errors in the log - Iine, and half · minute glaſs are rectified; I think it 
veceſſary here to ſay ſomething of both. : | | 
E The manner of kee ing a reckoning, or ſea-journal (by odr Engliſh navigators) 
is by the log line, and half-minute glaſs ; ought not care then be taken that they 
be true, clic a reckoning kept by them muſt be falſe ? | 
© Bur it hath been an ancient cuſtom, and ftill is too much uſed, to meaſnre 7 
Liathom, or 42 feet, between knot and knot on the log line, which is grounded on 
this conjecture, that 5 feet make a pace, 1000 (ſuch) paces a mile, and 60 (ſuch) 
miles make a degree; that is, a degree contains 300000 feet, and a mile (or minute) 
©5000 feet; and becauſe an half minute of time is the 12cth part of an hour, and 
he 120th part of a mile (5000 feet) is almoſt 42 feet, this meaſnre is therefore 
Fob commonly put between each knot on the log-line. | | 
© But this erroneous computation hath been ſufficiently contradicted by Mr. 
Mr. Norwood, and others. 8 
fr. in his circles of proportion, doth allow 662 ſtatute miles to a 
= degree — the earth, each mile being 5280 feet, ſo that in a degree there are 
* — Mr. Richard Norwood, in his Seaman's Practice, ſays à degree on the 
earth contains 367, 200 Engliſh feet; but at length conſents to allow 360,000 feet 
degree, and ſo 6000 feet, the Goth part, to be one minute, commonly called 
mile; ſo that 6000 feet may be the number from whence the knots on the log- 
ee ought to be deduced, nearly. | 
Note, That the meaſure of a degree, nearly as above, has been fully proved by 
t experiments, and is now generally received by nautical mathematic:ans. 
= It is common, and convenient, to reckon 5 feet to the fathom, on the log-line ; 
10 of thoſe fathoms make a knot, by which means the addition of the diſtances 
un upon each courſe is rendered more eaſy and accurate. | 
© According to this calculation, the diſtance between each knot upon the log-line 
aide co feet. Yer, notwithſtanding theſe diviſions are nearer the truth than 
the old ones of 42 feet, they are, however, erroncous ; for it is the common 
9 


practice among ſhip-chandlers, to meaſure their half- minute glaſſes by 28 vibra- 
Tons of — Þ wm. whoſe length is 28 inches and a half; — e by the 
oon rules for pendulums, it will be as the ſquare-root of the length of a pen- 
Edalum's vibrating ſeconds, is to the ſquare root of the length of a pendulum uſed 
in dividing the Sq fo is the number of vibrations mad- by the laſt men- 
tioned p , to the number of ſeconds that the glaſs is running; that is, 


| 


EZ 39-2 L 48-5: : 28. 27,75 the number of ſeconds required: which being 
© found, we next have, as the number of ſeconds in an hour, is to the number 


of ſecands that the' glaſs is running; ſo ĩs the feet in a nautical mile to the diftance 
chat is, 3600. 27.75: : G · 45,5 the diſtance required. 


From 


bäch the knots onght to be aſunder, in order to meaſure truly the ſhip's way; 


gs 888. 
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From hence it will be eaſy to find the error, to which the diſtance meaſured by 
the log-line is liable, in either of the above caſes, and more eſpecially when ſuck 
| diſtance is very conſiderable: As for example, let us take the diſtance in the 
annexed journal, from the Lizard to the iſland of Barbadoes, which is 3463m. 


Then it will be as 50 is to 146,25, ſo is 3463 (the whole given diſtance of the | 


Lizard from the iſland of Barbadoes) to 3203, the diſtance run by the ſhip's 
reckoning when ſhe arrives at her port, ſailing ſhort of the truth by 260 miles, 
But by uſing the old diviſions of 42 feet, we ſhall have, as 42 is to 46,25, ſo is 
3463 to 3812, for the diftance run by the ſhip's reckoning, which exrecds the 
truth by 349 miles: Therefore the diſtance between the knots ought to be 5o feet, 
and the halt-minute glaſs 30 true ſeconds, and not ſuch as are generally, as above 
mentioned, determined by the ſhip chandlers. For as 30 ſeconds is to 50 feet, fo 
is 3600 ſeconds (equal to 1 hour) to 6000 feet, a nautical mile nearly, which is 


Jeſs than truth by (61) and (72); but it is better for the reckoning to be a-head of | 


the ſhip, than the ſhip of the reckoning. 
An eaſy Way to meaſure an Half-minute Glaſs. 


I. et a bullet be faſtened to one end of a thread, or filk firing. that is, 9,8 inches [ 
long, and at the other end let there be a loop or nooſe, to hang it on a ſmall pin or 


nail, faſtened in any place, fo that the bullet may ſwing freely. 


Then the loop of the ſtring being hung on the pin, the firing 9,8 inches from ji | 


the centre of gravity to the centre of motion; that is, 9,8 inches from the end of 
the loop to the middle of the ballet, and the bullet cauſed to ſwing, each of thoſe 


ſwings ſhall be half a true ſecond of time, and 60 of them the juſt length of an half | 


minute glaſs. 
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A JOURNAL of a VOYAGE, 


(By G0 D's Permiſſion) 


„ 


GEORGE of LON DO N. 


—, ͤ Cormurndes. 


From the LIZ ARD, 


in Tü 8 49d. 57m. North, 
Longitude - =- - =- - - = =- - 5d, 14m, Weſt, 


To the Iſland BARBADOES, 


In Latitude - <- - --: A - - - - 12d. 58m. North, 
Longitude - - - = - - - - 38d. 58m. Weſt. 


Their Difference of Longitude 53d. 36m. Weſt. 


The Courſe from the Lizard 8. 5od. gm. W. or S. W. A W. 


Their Diſtance on that Rhumb, 3463 Minutes. 


Kept by C 25 Chief Mate. 


Began U JANUARY 24th, 1788, 


N 
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> 6 3 homies 
3 N. N. E. 
— — — n—— 0 
E 
8 
> | 3 
8. W. byW. N. W. by N Rain 
W. 8. W. North Rain 
N. by E | 
> 
D _ : 3 - 
> N. E. by N Rain 
3 8 8. W. by W. 
8 — — — 
| 2 . s. w. 
1 = |. E. N. E. h 


Jum is 6 —<8 © Which doubled is Nin. 139.6 


Diſtance bs 
| Courſe ſailed in 
Minutes. N. 8. 


Month Week Month iff. of Lat. in Min. 


Days | Days | and Year 


— 


24 N | Jan, 1788 | South 18 1358.0 


towards BAR BAD OE S. 195 


11 The 24th of Fanuary, 1788, at Noon, the Lizard Point bore 
North 18 Minutes or Miles Diſtance from us. We had variable 
Winds, freſh Gales, cloſe, heavy, rainy Weather, as per Columns. 


N. B. The Diflance of the Lizard is ſuppoſed to be found by (74+) 


In Company with the Succeſs, Capt. E. F. Commander, bound for 
the Eaft- Indies. : 


2 25th; Our Courſe and Diſtance made good this Day, I make 
W.S.W. 137.4 Minutes, with Latitude, Meridional Diſtance, and 
Longitude, as per Columns underneath. 


: d. m. | | d. m. 
© Zenith Diſtance - | © Magnet. Amp.— 48.47 E:S. 
© Declination —; Tru Amplit. — 29. 51 E. S. 
Latitude by Obſervation | Fariation =—m=eane 10. 58 W. 


| | . * ö | 
| Departure in Latitude by | Meridional | Longitude by 
Minutes. Accountin | Diſtance in | Account in 


E E WW. : Deg. & Min. | Deg: & Min. Deg. & Min. 


ũ—?— — — — 


40. 30 North 5. 14 W. 
1132.75 48.48 North | 2.7 Weſt 8.27 W. 
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A JOURNAL from ENGLAND 


] [HE of 5 * | So | Wind and Weather. 
2 W. S. W. N. E. Rain and Snow 
>| 4 6 S.W. 
Jy f — 
| 8 6 5 3 Rain and Snow 
| — —1— mmm — rr 
[Si . W. by W. N. E. by F Rain 
xo] % — W. s. Ww. E. N. E. Rain 
12 7 I N. E. by N. Rain 
2] 7 — N. E. 5 Lightning 
5 —  6W.vyw.N.EyE 
= 6] 7 2 W. S. W. N. E. 
= — 8 8 
= 8 7 E. N. E. Hail and Rain 
8 100 6 2 Rain 
124 © 65 5 5 E. Rain 
Sum is 79—8 Which doubled is Min. 159.6 
| 
| Diſtance | ; 3 
Month Week] Month 5 Diff. of Lat. in Min. 
Days | Days and Year Courſe | failed in 3 
Minutes N. 8. 
7 : eee . 
26 Þ Jan. 1788 bw dy we u 158 — 73.6 


towards BARBADOES. 197 


2 The 25th of January, 1788, hard Gales of variable Wind, with 
ſome Snow, Hail and Rain. 


Our Top-fails reefed, and ſo have been ever ſince we ſaw the 


Lizard. A great ſwelling 1 ſea following us, and ſetting towards the 
S.S.W. 


Our Courſe and Diſtance I judge to be S. W. [by W. half W. 


158 Min. with Latitude, Meridional Diſtance and Longitude, as in 
the Columns underneath, 


d. m. d. m. 


© Mag. Amplitude 
O Declination —— — | © True Amplitude — — 


Latitude by Obſervatin — Variation 


© Zenith Diſtance — 


Departur e in | Latitude by Meridional | Longitude by | 
Minutes Account in | Diſtance in | Account in 


E. W. | Deg. & Min. D & Min. | Deg. & Min. 
| bs 39.8 47. 34 North 4.27 W. 11.58 W. 
1 z 


N 3 Afternoon 
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A JOURNAL from ENGLAND 


| — NF. of 5Feet | "Jo | Wind and Weather. 
j— —- — N | — — e "SAN ER 
2 3 S. W. by W. E. Hail and Rain 
af 3 S. W. | Handed Fore Top-ſail. Rain 
34 —— „ Rain 
8 — — — 4 3 
75 8 7 6 
2 : 15 
12 | STINT by E 
[ — | _ * 
. — 
2 — 
— 
8.88 I Handed Main Top: ſail Rain 
109 | | — . 
F [x0 21 
Sum is 90——4 Which doubled is Min. 180.8 Tenths 
| 
F + 
SF; ä by , 
Month | Week | Month Diſtance Diff. of Lat. in Min. 
Days 1 Days 13 and Y ear Courſe failed in- | 
. 1 „ Minutes . 
— — — — — 
27 1 © * 1788 | 8. W. I80.5 | — 125.9 
3 i Corrected by Obſervation. | ee 
— — REID — — . 3 _ 2 


towards BAR BAD O ES. | 


h The 26th of January, 1788, bad Weather, very hard Gales, 
thick Air, with ſome Hail and Rain, 


A great Sea after us, ſetting towards the S. S. W. from theſe three 
Days _ 


By Obſervation the Ship hath out-run the Reckoning 24 Minutes 
South, which is attributed to the S. S. W. Sea. 


Our Courſe and Diſtance corrected is S. W. by S. three Quarters 


W. 205 Minutes, with Meridional "ER and Longitude as 
underneath. 


Longitude deduced by Obſervation ) a Cor Leonis at 1oh. 27m. 
P.M. Weſt of Greenwich 139 2, 


| 
© Zenith Diſtance — 8 » 8. 


. 
© Magnet. Amp. to. 2 W. S. 
© Declination 


18.32 9. | © True Amplit.— 28.16 W. S. 
Latitude by Obſervation 45. 4 N. | Variation — 17.56 W. 
Departure in | Latitude by | Meridional | Longitude by 
; Minutes. Account in | Diſtance in | Account in 
E. W. | Deg. & Min. | Deg. & Min. Deg. & Min. 
129.4 45-28 North ; 6.36 W. I 5.7 W. | 
Fn 9-9 | 0.24 South | 6.10 W. 0.14 W. 
| 139-3 | 45-4 North | 6,46 W. by ; 15.31 VW.. 
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A JOURNAL fem ENGLAND 


2 8 F. of 5 Feet . Wind and Weather. 
als FC. W. by S. N. Ek. 1 
44 7 r get Main 'Top-fail. 
4 — — 0 — 
2 9 6 1 N. E. by N. 
8 * b yams _ * — — — 
IE 
rol 5 2 S. W. by W. N. E. 
8 . 1%E. Main 
4 2 " ON 2 SE North 2 | Rain 
_ E . 3 N. w. by N. Set Fore Top- fail 
1 — — _ 
= 6| 6 1 
[= 8 6 =} North TE 
2 - — 3 
" fro} 6] —— sw. bys. W. N. N. E 
12 6| hs ES 5 
Sum is 69—4 Which doubled is Min. 1 38.8 Tenths 
| 
{Month | Week Month 2 Diſtance [n;@ of Lat. in Min. 
rſe | failedin |__ 
| Days | Days. | and Year * 1 1 
| inutes | N. S. 
1 28 » | Jan, 1788 E 137.9 | — 104.2 
| g 
_—_ | ! 15 =s — 


towards B AR BAD OEsS. 


201 


© The 27th of Fanuary, 1788, cloſe Weather, with ſome Rain, 
freſh Gales, and variable; with a great Sea from the N. N. E. 


About eight this Morning we ſaw a Sail on our Larboard Quarter, 
ſo far off that we could but juſt diſcern her. 


Our Courſe and Diſtance made good this 24 Hours, is S. 40d. 57m. 
W. or S. W. by S. half W. 128 Minutes, with Latitude, Meridional 


Diſtance, and Longitude, as hereunder. 


1 


O Zenith Diſtancde _—_— 
O Declination 


Latitude by Obſer vation 


d. m. 


© Mag. Amp. — 42. 1 E. S. 
O True Amplit. — 25.46 E. S. 


Variation — — 16.15 W. 


Latitude by | 


Meridional 


Longitude by 

Diſtance in | Account in 
Deg. & Min. | Deg. & Min. 
8.16 Weſt | 17.27 Weſt 


Departure in 
Minutes Acount in 
E. W. Deg. & Min. 
90.4 | 43-20 North 


Afternoon 
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FE A JOURNAL from ENGLAND 


TH KF. of 5 Feet] . Wind and Weather. 
ö — — — — — — öJ—̃—— Q 
2 5 3 S. S. W. | N. N. E. 
| 3 ef p . —  — — —— — 
8 * 1 a 3 ad 6—̃— 
885 3 N. by E 
ieee 2 : - Rain 
112 5 3 ; : 3 Rain 
— — — n EEE _ — — 
| 44 —— . 
9 — . Bain 
= =_ | —_—_— 3 
[= 8 5 6 Rain 
* iq 5 3 
w 3] 8 - 


Sum is 62—0 


Which doubled is Min, 124 


Month | Week ; Month Diſtance Dif. of Lat. in Min. 
| 3 Courſe | failed in 
| Minutes. N. | S. 


— 


1788 8. S. W. 124 | — [114.6 


towards PARBADORE: 


FT The 0 of January, 1788, clear Weather, intermixed with 


fmall Showers of Rain, freſh Gales, and a great Sea from the N.N.E, 


About Six this Morning we ſaw two Sail on our Larboard bow, 
which we judged were French Men of War, who chaſed us till Sun- 
ſet, and could not get upon us; then they lay by, fo we loſt a of 


them. 


Our Courſe is S. S. W. 124 Minutes, with Latitude, Meridional 
Diſtance, and Longitude as hereunder. 


. d. my: | : d. m. 
© Zenith Diſtance — © Mag. Amplitude 
© Declination - | © True Amplitude —_——— 
Latitude by Obſervation — — Variation — 

Depar ture in | Latitude by | Meridional | Longitude by 
Minutes | Accountin | Diſtance in | Account in | 
E. W. | Deg. & Min. | Deg. & Min. | Deg. & Min. 

47-4 41.25 North 9.3 Weſt | 18.32 Weſt 


Afternoon 


5 n 4; a „ * * * _ Nan » IF - 
* HED * MS. 5 N n 77 F K oth. 
. . : 
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F 


204 A JOURNAL from ENGLAND 


1 JH KF. of 5 F eet 23 Wind and Weather. 
2 4 = South 1 1 8 
> 4 4 1 Split Main Top-fail 
3 6 9 — | brought another too. 
S [8s 2 5 N. N. E. 5 
n — — — — — — — — — 
Io] 5 6 Rain 
I2| 5 7 8 N. by E ä 
| * 8 Rain 
>|4 4 7 N.N.E Rain 
"2 = a 3 6 
2 5 3 
| N. I 3 
2 I N. E. by N. | 
=y * walk — — — —— — — 
5 2 5 — — — — ͤ(T—— — — 
12! 6 6 | 


| Sum is 64——7 f Which doubled is Min. 129.4 
Month | Week | Month Diſtance Diff. of Lat. in Min. 
| Days | Days | and Year Courſe | failed in Zn 

| Minutes N. 8. 
30 $ | Jan. 1788 | South | 129.4 —— 129.4 
q 4 The 


7 


CY 


towards BARBADOES. ”.___- 20g 


8 The 29th of January, 1788. Freſh Gales, — Weather, 
and a N. N. E. Sea after us. 


Yeſterday, about Three in the Afternoon, in letting the Reef out 
of the Main Top- ſail it ſplit, which we unbent, and brought another 
too immediately. 


Our Courſe is South 129 Minutes, with Latitude, Meridional 
Diſtance, and Longitude as hereunder. 


d. m. d. m. 
© Zenith Di a O Mag. Amplitude ——— — 


© Declinatin ä — — O True Amplitudeꝛq — 


Latitude by Obſervation —— — Variation | — 


| Departure in | Latitude by Meridional | Longitude by 
Minutes Accountin | Diftance in | Account in 


W. | Deg. & Min. | Deg. & Min. | Deg. & Min. 


—A—_—  —— - — 


39. 16 North 9.03 Weſt | 18.32 Weſt 


. 
— — ——— 
1 — 1 
—ů— 


— — — —yͤ—̃ — — . — 
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| 1 01 8 ＋ — ag: as T "Wind and Weather. 
| N 7 NE. = — 8 
> 46 3 
13109“ — . 
8 PX 1 33 8 3 1 AN 
28 8 2 Rain 
1 — —— — — — — — 
10 5 . | 
12 6 2 N. 
2 6 £4 E.N. E. Rin | 
[>] 4 —— N by E. and N. by W. b 
>| 6 D — N. by E. and E. N. E. Rain 
— — 
S — 12 6 i 
8 Y 100 5 8 N. E. by N. 
. OT -. 
Sum is 71—6 Which doubled is Min. 143.2 
Month Week Month | | Diſtance pig. of Lat. in Min. 
Days | Days | and Year Courſe | ſailed in | 
| | Minutes | N. S. 
37 11: 2 | Jan. 1788 South I43.2 3 143˙2 
5 Corretted by Obſervation. © "PW 
Corrected. 177.2 


towards BARB ADOES, 


$ The 3oth of January, 1788. Freſh Gales with ſnal Showers 
of Rain, a great Sea from the N. N. E. , 


Since the 27th Inſtant, (the laſt Day of Obſervation) to this Day, 
J find we are more Southerly 34 Minutes than by Account; and more 


Weſterly 14 Minutes in Meridian Diſtance, which makes very near = 
17 Minutes in Longitude. | 118 


Our Courſe and Diſtance corrected by a good Obſervation, is 


S. 4d. 33m. W. or S. half W. 177.5 Minutes, with Laine 
Meridional Diſtance, and Longitude as hereunder. 


| d. m. d. m. 
© Zenith Diſtance — 53.47 S. | © Magnet. Amp. 2. 7 W. S. 


© Declination ———— 17.28 S. | © True Amplit. — 22.57 W. S. 


Latitude by Obſervation 36.19 N. — 13. 50 W. 


Departure in 


Latitude by | Meridional | Longitude by 
Minutes | 


| | Account in | Diſtance in | Account in 


E. W. | Deg. & Min. | Deg. & Min. | Deg. & Min. 


— — — — — 


36.53 North | 9.03 Weſt | 18.32 Weſt 


— — mo 


| 14,8 | 0.34 South | 0.14 Weſt | 0.17 Weſt 


— — — 
——ññꝶ : “. — 
—ů — — 


14,8 36.19 North I8, 49 Weſt | ; ö | | 
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The Explanation of the preceding Journal. 
I N this journal, in the upper, part repreſenting the log-book, there are five 
columns, and in the lower part there are 12 columns; all which have been 
b in the directions immediately preceding the journal. The buſineſs now 
is to explain the manner of proceeding in this journal. The firſt page of the 
journal contains the log-board for the firſt day after our departing the Lizard, 
Which was U the 24th of January, 1788, at noon, the Lizard bore N. 18 min. 
diſtance, &c. as in the journal (page 302) you may ſee. ED 
Sunday ©| But becauſe the week day is expreſſed by a character, which 
Monday | Þ may not be underſtood by every one (but it may be convenient 
Tueſday q ſo to write them) you have therefore here the week days with their 
Wedneſday | I characters. CE: 5 
Thurſday ] And becauſe the Lizard did bear North 18 minutes diſtance, 
Friday 2 [therefore make the courſe South, and place 18m. in the column, 
Saturday h {under diſtance, &c. then the difference of latitude is 18m. which 
accordingly place in the South column, and ſubtract it ſrom the Lizard lat. 49d. 
57m. the remainder 49d. 39m. is the lat. the ſhip is in, at parting ſight of land; 
which accordingly is placed in the column under lat. by account, &c. And in the 
laſt column, becauſe the courſe is South, place the longitude of the Lizard 5d. 
24m. Weſt, and all that day's work is done. 7 
Then from the 24th day at noon, to the 25th day at noon, you have the 
courſes and diſtances for every two hours, with the wind and weather, as they are 
taken from the log-board ; and all other circumſtances attending, are there ex- 
for the particulars whereof, I refer to the journal itſelf. The ſeveral 
courſes and diſtances of this day may be reduced to three courſes : Thus, the 
work of M the 24th of January, 1788, being the firſt day's failing, in the 
preceding journal, is as follows : f 


H. „„ H. K. F. 
At 3 WSW: 5.0 At 2 W. by N. 8˙2 
6 The ſame 5.6 That is W. by N. + 20:6 
8 The fame 5.5 At 10 SW. by W. £6 
12 — _ 2 5 8 The ſame 6 
e Summed up 1s "IE 
4 The ſame ©.1 ; . 
6.3 That is, SW. by W. 23 min. 
xo The ſame 6. o Courſe. Diſt. N. 8. E. W. 
12 The ſame 6.0 — — 1—4— — 
WSW. 1056.2 40.7 98.2 
Summed up 18 53.1 W. by N. 10.4 [2.1 11902 
That is WSW. min. 105.28 W. by W. 23. 12.8 19.1 
Diſtance 139.6 | 53.5 858 127.5 
| 2.1 


Difference of latitude 51.4 
Then as diff. lat. Dep.: : Radius -- T courſe (71.) 
As 51,4m. . 127, m.: : T. 45d. -- 689 3 SWly or WSW. 
Then, as fine courſe -- Depart. : : Radius -- Diſtance. | 
As S. 68d. 3m. : 127.5m. : : S. god. . 327.4m. | 
So that the courſe made good is S. 68d. 3m. Weſterly, or WSW. neareſt, and 
the diſtance 137 min. 4-tenths ; which place in their proper columns, as may 


ſeen in the firſt day of the journal. This may be performed ſufficiently near by 
- the tables of latitude and departure at the end of this work. The 


* * A 7 * 
— 88 "0 PETITE e * lh a 
Se " * a 5 1 1 
* . 
"x 


* 


place under latitude. by account, for the latitude the ſhip is now in. a 
Again, The departure 127.5 minutes being reduced into degrees, makes 
2d. 7m. Weſterly, which place; in the column under meridian diſtance, _ 
Laftly, To find the longitude the ſhip is now in, you, have both latitudes 4 
39m. and 48. 48m. the p eſent latitude, and the Jatitude of the day before, wi 
the departure 127.5, min. by which find the difference of longitude, as directed 
in (97) or (108) by the former, thus ; | 


As the difference of latitude is to the departure, fo is, the merjdional difference | | 


of latitude to the difference of long. Or ſeek the meridional difference of latituds 


in the column of latitude, under the neareſt degree to the courſe in the tables of 


latitude and . againſt it is the ee equal to the longitude. 


2 25 3364 parts. 
—— 


The meridional difference of latitude 78. Then fay, 5 | 

As $548: +» 127.5M:.: : 78m. «+ 193. 5m. or 3d. 13m. Weſterly, which being 
added to the longitude of the day before, 5d. 14m. the ſum 8d. 27m. Weſt, is the 
airy * e, which place in the laſt column of the journal; then that day's 
work 18 8 : 3 . 

Then from the agth day at noon, to the 26th day at noon (in the two fert 
pages of the j ) the courſes and diſtances for every two hours, the wind and 
weather, with other circumſtances attending, taken from the log-board, are ſet 
down; for the particulars ſee the journal; . e 

Now the ſeveral courſes and diſtances of this day are reduced thus: 

The work of $ the 25th of January, 1782, the ſecond day's ſailing 
i as follow: 


- . | H. > OT 

Firſt, 2 WSW. 6. |Secondly, K 
10 the ſame 7 6 aw | 
„ 7 8 
2 > 3% Summed up, is — 
6 7.2 That is SW. 1 
$ - „ DE is 2 
10 - - 6.2\Thirdly, 8 SW. by W. 
12 - 6.6 4 The | 


112 
4 The ane — 
2 


That is Ws w. 108.2/That is Sw. by W.. — 


27.9 


” 
* 


HE JOURNAL EXPLAINED, 20% 
The difference of latitude 5g; 1, 4m. or neareſt 51 min. being Southerly, ſubtrack 
from 49d. dun; the latitude at parting ſight of land, the remainder 40d. 48m: 

ti 


* ( ; 


1 1238435 Mena. putts | 3442] found in he table of merid inal 1 


. 
% 


in the 


1 
* 


K * N 
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— my WAS TOR: — AE Sn PIs A Os . —— 
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5 4 < 
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= : wy = 1 — On. ———— ˖ R 


80 that the courſes of this day are theſe, WSW. e SW. 26. 6m, and 8 W. | 


by W. 2). Sm. and by (72) may be reduced into one courſey' as fellow: 


| Courſes. | Dit. N. s. E. . 
Re JO _ — uw . — . . 

W. S. W. 108.24 4 41:5 | 1060.0 
Eu. +1 
— — — — : ] — — I |; 

5 Diſtance. | 159.6 Lat. | 73:6| Dep. 157 TOE 
ö — moms — — — 1 * 


3 ay . 


7; "I OY 
N — 


2710 : THE pre oat E W n 1 


n — 1 See wav. 5. by 

Im 73 n T. Ad. iam or 1 

| Wit W. 1 Th " = 
S8. courſe--Departure : : 2 Diftanee. THOU Us VEL eie 
As Gad. — Hl my 55 9.8m. :: 8 158 minutes. Wo. 
The difference of latitude 73. 6m. Ly und the — 139 „. wel, make 


| the courſe 8. 62d. 14m. W. or SW. by W. + W. and the diſtance Sten. which | 


place in their, reſpective columns in the Journal for the day pro ww wag : 
Then the difference of latitude 73.6m. or 1d. 14m. being ſubtracted from the 
latte of the day before, 48d. 48m. the remainder 47d. 34m. place under 
latitide by accoutit, for the ende the ſhip is now in. 
And the departure ''139.8m. near 140 minutes, being equal to 2d; zom. is 


b ert to (becauſe it is Weſt, Kad it been Eaſt it ſhould have been ſubtracted 


| } —_ title. 


1 7 * * 
As Yak. Bhd 
=_ "I III 


r * - 
A” o * 
8 ms 


A, Dit. Lat Pere Na f. Courle 


7m. the meridian diſtance the day before, and it makes 4d. 27m. Weſt, 
for J 485 whole meridian diſtance from the Lud, wien rugs "ander its 


eee now ia; you have the Intitade 48d. 


i 48m. and 474. 34m. the preſent latitude, and the latitude of the day before, with 


+ -»» - aan 139: .8m. by which you may find the WN of 8 =o this 


2 oh 48. 4. 3364 found in the table do meridional 
5 26 Let. 1 3) Mer. 1425 parts. 


re pr And: | 
*1 : 111m. . 210.8m. or 3d. 31m. Weſterly, which . 
Er) to G longs gitade of the day before, 8d. 27m. the ſum 11d. 58m. 


FEES. » Which ikce tn he laſt ooh of the journal, and 
+ this day n 5 


Again, In the two next pages of the journal are the courſes, difance, winds, 
&c. 2 log - board from the 26th day at noon, 40 the '27th, which are 
t as follows © 
work of h the 26th of January, 1782, third day's failing in the preceding 
journal. 


——— " ER "I 


ED - F 18 
e Dia. N. 8. E. . - 
„ b 2 | 3M 
I SW.byW. | 12.6 0 10. 
8 8 4s SW. 1 118.9 e , 
"XI ot : | : 
. 3 * Ss „ 
1 5 
[ Diſtance. 4180.8 Diff. Lat. 14 5. 9 Dep. 


As 125. 9m. . . 29. 4m. . de, —_ ling South" — or SW. 


P eee eee 
oy "ay 25 2 . 180, c Minutes. NY ' 
a nin bb above it is dn Ah the diff. * cornea is 125. om. Sputh, the 


12944m.Weſt, which makes the courſe S. 45d. 47m. W. 


| di 3 | 15 in the 
Jana for © fs 27h of Jandary. 
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Then the difference of Latitude 125. 9m. or near 126 min equal to 2d. m 
South, ſubtracted from the latitude of the day before, 47d. 34m. remainder is | 
the latitude by account, the ſhip is in 45d. 28m. North, which place in the tenth 
column. rl e 2 . -%6": : Bn. 

And the departure 129 min. or zd. gm. W. being added to 4d. 27m. the 
meridian diſtance of the day before, makes 6d. 36m. W. the whole meridian 
diſtance by account from the Lizard, which place in the 11th column of the 
And now having both latitudes 47d. 34m: and 45d. 28m. with the departure Tl 
129.4m. by them find OY of long. mus | 4 

1 9 * f . TRIS 1 TE 

6 27 Lat, 254. avi: Merid. 6 3569 Min!“ 
The meridional difference of latitude 184 min. * > 1 2 "_— 
As 125.9m\.'-- 129.4m. : : 184m. : 189. Im. or 3d. gm. Weſt, the differenss 
of longitude, which being added to the longitude of the day before, 11d: 58m. 
the ſum 15d. 7m. is the longitude, by account, the ſhip is new in; which place in 
the laſt column of the journal, and this day's work is finiſhed, 3 
But on the ſaid 27th of January at noon, by a good obſervation of the ſun, I 
find the latitude 45d. 4m. North, whereas by the journal, the latitude is 45d. 
28m. North, their difference is 24m. South, that is, the ſhip by obſervation is 
24 min. more Southerly than by the reckoning. | 11 


* 


Wherefore, to correct the latitude, place 24m. in the South column; and add JW 
it to the difference of latitude 125. m. it makes 149. 9m. for the corre&ed-differ» 
ence of latitude, alſo ſubtract it from 45d. 28m. the latitude by account; to males 
5 agree with the obſervation, as yon ſee is done in the journal for the ſaid 27th 


5 Then to correct the departure, conſider according to the gth rule in the directions 
for keeping a journal, whether there be a current or no, and conſulting the 
written journal, I find, A great ſea after us, ſetting towards the 88 W. for theſe 
e three days-paſt;*? which I take to be the cauſe of this error of 24m. in reckoning 
the latitude ; and therefore (by 67) find what departure a SSW.” courſe ind! 9 


difference of latitude 24m. will make, which is thus: . al | 
As S. 6 points ++ 24m: : : S. 2 points: 9.941m. the correction in the departure bu 
which place in the Weſt column, and add it to the departure, 129.4m. it makes 
139.3 for the eorrected departure: Alſo add it to 6d. 46m. the meridian diſtanc 
by account, it makes 6d. 46m. the corrected meridian diftance, as you fee ini 
the 11th column of the journal : And to corre& the longitude by the 15th rule foe} | 
keeping a journal 15 thus : : | 70 9 N 
. 


1 651 min. 
„e Account 8 e 
+ Lat. by { Obſervation 45. 4 Merid: Farts 48 wy 


} -Y 


# 26 


2 
2 ** 


Correction in lat. — 24 Merid: diff. lat. 33 Then 
As 24m. . 9:941m. : : 33 min. 13.67 min. the correction in N Weſt, 
which being placed in the laſt column, and added to 15d. 7 min. the longituds 
2 — the ſum 15d. 21m. write underneath, which is the corrected longitu ths 
„hip is in- oro; +, . 1 FS A 7 rage 
<Q Laſtly, to find the courſe and diſtance agreeable'to the correction by obſetvatians 
| you have the correfted difference of latitude and departure; which by 715 is thus, 
As the correQted difference of latitude is to the corrected departure, ſo is radi 
ho the tangent of the courſe corrected: That is 1 HEIERY 


| 
i 
l 


'W 


vantage of the young journaliſt, in the proſecution of his ſtudies ; who, it may 


de ima 
© ſuppoſed to be allowed upon each courſe before it is copied from the log- board; 


212 
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139, 3m: : T. 45d. "6 sem. South an, or SW. Wy 8. 
Welt, is che correted courſe: + 

« Courſe - . Depart. : : Radius to Diſtance. 
1 8. 42d. 54m. . 139. 3m. : : S. god. : 204.6 m. corrected diſtance. hb 
So. that the courſe and diſtance corrected by obſervation is SW. by S. three 


As 149-91. * 


quarters W. 205 minutes nearly, which write in the journal for the ſaid day. 
Then the whole is finiſhed, and the reckoning {et to rights for that time. 


+ The preceding journal (which is the ſame as in the former editions of this 
Work) with the directions, and this explanation is an eaſy introduction to the 


method of keeping a good reckoning of the ſituation of a ſhip at ſea; for the 


has never yet quitted his native ſhore ; lee-way, and variation are 


bor the ſame reaſon, currents, heavy ſwells, &c. which might have been here 


4 


1 
1 


noticed, are omitted, and the young ſailor is referred to the practical journal in 
the Seaman's Daily Aſſiſtant, which, with this books contains a ſhort uſeful ſyſtem 
of theoretical and practical navigation. 


2 2284 ſeveral TABLES uſeful in Navhration, with the Deſcription 
and Lies briefly explained. JP 


Table for finding the latitude 4 two altitudes, with a table of natural 
4 fines for the ſame purpoſe 2-3 

I. A table of the difference of latitude af departure from the meridian. h 
n A table of meridional parts, for the making Mercator's charts, and 

queſtions in that kind of failing. 

"IV. A table of the ſun's declination to the year 1799. 

V. A table of amplitudes. 

VI. A table of logarithms from 1 to 10,860. 5 

VII. A table of artificial ſines, tangents, and ſecants, to every Ae and 


minute of the quadrant, and radius being io. ooooco. 


1 

| 
1 
| 
1 
f 


VIII. A table of angles, which every rhumb, or point of the compaſs, * 
wich the meridian. 


The Method of finding the Latitude from the Odfervaticn of 7 W9 
; Alitudes of: the Sun, and the intermediate Time. 


' Cantions which relate to the proper Times for making the Objerwations. $ 
HE two obſervations muſt be always taken between nine in the morning, 


and three in the afternoon ; but the nearer they are to noon the better; 


| provide there be a ſufficient interval between them. The following directions 
will ſhew what interval is proper. | 
If both obſervations are in the forenoon, the interval of time between them 


* muſt not be much leſs than half the diſtance of the firſt obſervation from noon. 


If both obſervations are in the afternoon, the interval between them maſt not be 


much leſs than the diſtance of the firſt obſervation from noon. 
I one obſervation is in the forenoon and the other i in the afternoon, the interval 


— cor exceed 4 hours. 
If the ſun's meridian — diſtance be conſiderably leſs than the latitude of che 


latitude be double the ſun's meridian zenith diſtance, the firſt of mood. 

ſervations taken in the forenoon muſt not be before 94 A. M. nor the ſecond before 

* or th firſt of two taken in the fegen muſt not be taken ai 
14 M. nor the ſecond after 21 P. M. and 

| | | | enden, 


\ 


A 


122 then the obſervations muſt be taken proportionably nearer to noon. Thus, 


if one obſervation be taken in the 


erer . 


= wy © 


.D 


* 
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' forenoon, and the other in the afternoon, that in the forenoon muſt not be taken 
before 94 A.M. nor muſt the intervals between that and the afternoon obſervation - 
be above 3Z hours. If the latitude be three times the ſun's meridian zenith 
diſtance, the firſt of two obſervations taken in the forznoon muſt not be before 
10 A.M. nor the ſecond before 11 A.M. or the firſt of two takea in the afternoon 
muſt not be after 1 P.M. nor the ſecond after 2 P.M. Or, if one be taken in 
the forenoon, and the other in the afternoon, that in the morning muſt not be before 
10 A.M. and the interval between them muſt not be above three hours. If the 
latitude be five times the ſun's meridian zenith diſtance, the firſt of two obſerva. 
tions taken in the forenoon muſt not be before 104 A.M. nor the ſecond before 
112 A.M. or the firſt of two taken in the afternoon muſt not be after 03 F. . 
nor the ſecond after 14 P. M. Or, if one be taken in the forenoon; and the oth=. 
in the afternoon, the morning one muſt not be before 104 A. M. nor the interval 
between them be above 24 hours. If the latitude be twelve times the un's 
meridian zenith diſtance, the firſt of two obſervations taken in the forenoon muir 
not be before 11 A.M. nor the ſecond before 114 A.M. or the firſt of two taken 
in the afternoon muſt not be after o& P.M. nor the ſecond after 1 P.M. Or, if 
one be taken in the forenoon, and the other in the afternoon, the morning one 
muſt not be before 11 A.M. nor the interval between them be above 14 hours. 

But if the ſun's meridian zenith diſtance be ftill leſs in proportion to the latitude, 
it will be neceſſary to take the obſervations ſo much nearer to the noon, that the 
advantage of the method will he very much diminiſhed. © * * | 
Precepts for making the Computation. | 
I. To the arithmetical complement gf the logarithm coſine of the latitude by 
account, add the arithmetical complement of the logarithm coſine of the ſun's: | 
declination : call their ſum the log. ratio. | 1 | 
II. From the natural fine of the greateſt altitude, ſubtract the natural fine» 
the leaſt altitude: find the logarithm of their difference, and write it under log... 
ratio. : 8 3 5 
III. With half the elapſed time enter table 4. and from the column of Z elap . 
, time, take out the logarithm anſwering thereto, which is alſo to be ſet down under | 
log. ratio. > $49, "OY 
1 is ſufficiently correct for common uſe to take the time to half minutes, but if 
greater accuracy is required, the difference between the two neareſt logarithms 
muſt be applied. | | TTW 
IV. Add theſe three logarithms together, and with their ſum enter the table, in 


— 
* 


the column of mid. time; where having found the logarithm neareſt thereto, take 
* out the time correſponding to it, and put it down under half the 22 time. 
3 Subtract the leſſer from the greater, their difference will be the time from noon © 

when the greateſt altitude was taken. | $ a 
n V. With this time enter the table, and from the column of log. riſing take out | 


the logarithm correſponding thereto ; from this logarithm ſubtract the log. ratio, 
e the remainder will be the logarithm of a natural number, which being found in the 
common table of logarithms, and added to the natural fine of the greateſt altitude, 
al- will give the natural ſine of the meridian altitude of the ſun. © fs ++ 
From che meridian altitude of the ſun, the latitude of the placc of obſervation Þ! 
i is to be obtained by the problem at page 101. 8 ol ö 
8, N. B. If the latitude found by the above proceſs ſhould differ widely from the 
be latitude by account, it will be proper to repeat the operation, uſing x + latitude 1? 
re laſt found, inſtead of the latitude by account, till the re ult gives a latitude nearly 
er agreeing with the latitude uſed in the computation. KEE 26 
he 4 * 7 
Ry 
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1 * TO FIND THE LATITUDE BY TWO ALTITUDES. 


R XS AMF I. ENS. 
EXAMPLE I. 


Er 


1 Being at fon 3 in thy Iaticade of 47? 19 N. by account, when the ſun” 8 declination 


was 12 16” N. at roh. 24/ A.M. per watch, the ſun's altitude was found 49% og 


na. . K. watch, e ee * 
S latitude, x 95 


. 7 Times. Altit. Natur. D. M. 
; H. M. S. D. M. Sines. Lat.47,19- 0. 16880 
a rd 00, 49.09 75642, S. dec. 12. 16-0 01 
1.14.00, 5 1.59 78783, log: rat. —0. 7883 


. El —— 8 
A ap · aer, 2 Fo. %% 33141 its logar, 73. 49707 
I. . time — 1.25. 005 its log. incol of} elap. time is 0.44077 | 
1 8 : 0. 15. oo, in col. of M. F. correſponding to 4.11667 
8 Time at noon 1. 10.00 its log. from col. of L. riſing is 3.66542 
D per watch 1.14.0 Log, Ratio 0.17883 
Watch faſt — 0. 4-00 3066 nat. num. of chis 10 3. 86 
ao 5 78783 nat. he of dards bs . 


$un's $ mer. at. 54. 568881849 nat. ſine of Sun' $ mer. al, 


© Sun's zen. diſt. 3 
Sun's declin. | i 


„ 47-20 North. | 28865 
Here the latitude Dun by computation may be relied on as the true latitude of 


a“ place of obſervation, ſince It d ers only ane mile from the latitude uſed in the 


operation. 
Ię᷑łð is hard! neceſſary to obſerve, that by the ſun's altitade is always meant its 
; correct altit « See p. 100 for the co 


ons. 


. 
Being at ſea in 500 4 407 north latitude by account, when the ſun's "EY 
was 20 00 ſouth, at i: 17 A.M. per watch it n 41: required the 


- 
: 


_ Times Alt, Natur. D. M. 
H. M. S. D. M. Sines. Lat 50.40 —0. 19803 
10.17.00 17.13 229999 8. dec. 20,00 —0. 02701 
11. e 19.41==33052 — Z 
— Log. ratio —o.22504 
4083 = 361098 
 -., » „ o. 88430 
2 l VVT — 4.72032 
| Time fr. noon 0. 31. 0 e 7's „ 2.95529 


V vo > = ==> Oz 82504 


Watch flow. N „„ 5 2.73025 


Natural fe of Suns mer. . =34220=20.01 or = Sun's alt. 
| 69.59 =. Sun's Z. P. 
; 20. © = Sun's dec. 
As 


9.59 lat. 
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As the latitude, vy this computation, differs . from that hy account. 
1s proper + _ ee * ahe laſt- pd |aiade inſtead of that. 3 


account. b ke 2 D. M. L 
9 5 01% 15 
1 7 e 325 3d 1: ; ro. = 
| Les tio. — 0.1899 
e 3.61098 
. Ms. 6 2.88430 
+ Elap. time — 0.30.00 P — ̃ ot 
1. 00. 0. ä—ñ44—ä U 2 ne y 
1+40.JZ@00 '- «= = '/5 = ==; 2; 2992283 i : 
044500. \:;- .: 27] ..- 0.234399; :.' 
—— — 1 25 : DEN ee oo Tr ns oO 
Watch ſlow — 0.13. 0 517 2. % 6 2 
4 | iet 5 33682 6) e 3843 Soar 0 
| . x 70.4 | 24199 20.00 . Gy tr; 
& 25 | 1 * | 
76. ac | Sun's zen. diſt. 
4 6 thing 56997 e e ene een | 
ex rtf > ' —— _ — * ; 3 


qt | Fo. oo lat | 
The latitude laſt found; differing * one ee that uſed in the operation, 9 
may be relied on as the true . It is evident that the operation is repeated, 
with very little additional trouble, but few alterations dan necefary. | 1:05 iff 
A BXAMPLE-IH. | 
Being at ſea in the latitude of G o/ north by account, when the fun in they 
equator, and, conſequently had no declination, at ih. of P. M. 17 watch, his; 


altitude was 28® 5 3' 5 and at Pn of Y. M. ee it was 20? 42 mee | 
true latitude. 11757 >w$ & 
| Times. IAB that 60.00220,30103 | i ,.:1, 
H.M.S.D.M. + Sun's dec. oo. oo . οꝓ,]j,õ 2 
1.00.00 28.5 3248303 b —ů— 
3 5.00 20.4235 348 Log. ratio So. zorg * 224 
——— ; 2M 
- 2.0000 12955 = —4. „1244 A 
2 Elap. time - 1. oo. ͤ ͤ ]... „0. Se * 
2; oo. oo — — — 3h 
8 n l "E843 — =Y 1 
Time fr. noon 1. 00.,ůũůmůiũiũn 2 34343 
Do per watch 1.00.00 EE Log ra ratio=0. 3003 hagh 
ID a —— E 3 » — — 4. * 3 
| 170 . 3˙23140 * 
8 e | * 


Db. AER 
Soong =30 c0=Sun s merd. abit, ; 4 43} | 
. 1/190. 20g ned A 
Here the latitude by n comes out the ſame with the Initade by i 
Wr wich ſhews that the latitude by account wat right. From the foregoing * 
* * 


% TO FIND THE LATITUDE BY TWO ALTITUDES, 
examples it is plain that 8 n is the ſame, whether the ſun hath north or 
uh Jeclination i and it will be the ſame whether the ſhip is in north or ſouth 
latitude. It is alſo clear, that when the ſun has no declination, the arithmetical 
lement ofthe log. cofine of the latitude is the log. ratig. 
litherto it has been ſuppoſed that both the altitudes were taken at the ſame 
age or ſtation: but as that can ſeldom be the caſe at ſea, the neceſſary correction 
of any alteration of ſtation may be readily made as follows; 
Let the bearing of the ſun, at the inſtant of the firſt obſervation, be taken by 
© tompaſs (which call Sun's Bearing ;) and when the ſecond obſervation is taken, 
and how far the ſhip hath gone, in the time between the obſervations, towards, 
or farther fram, that point of the horizon in which the ſhip was found at the firſt 
+ Obſeryation.” This quantity, added to the firſt obſerved altitude, if the ſhip hath 
moved towards the aforeſaid point, or ſubtracted from the firſt altitude, if the 
= ſhip hath gone farther from the ſaid point, will reduce the firſt altitude to what it 
| "_ have been found, if obſerved at the ſame ſtation were the ſecond altitude 
Was taten. - - -+ | : — 
| Thus ſuppoſe that when the fun bore SEZE. by compaſs, his altitude was ob- 
© - feryed 189 z7/; and three hours after, it was obſerved 38? 237 the ſhip in the 
mean time having gone SEFE. by compaſs at the rate of fix knots — hour; 
= required what the firſt altitude would have been found, if it had been obſerved at 
= the ſame ftation with the ſecond altitude. | 
= Here the ſhip's courſe being directly towards that point of the horizon the ſun 
bare on when the firſt altitude was taken, the whole diſtance run between the 
pbſeryations, yiz. 18 miles, muſt be added to the firſt altitude, which will brin 
It What it would have been found if - obſeryed at the ftation were the ſecon 
altitude was taken. So that the two altitudes for finding the latityde of the laſt 
Nation will be 189 45/ and 389 237. AKIN 4a, 

Had the ſhip's courſe been NW W. or directly from the point that the ſun bore 
oh av the time of the firſt obſervation in that caſe the 18 miles myſt have been 
& ſabtracted from rhe firſt obſerved altitude. 
ben the-ſhip's courſe makes an acute or obtuſe angle with the Sun's bearing, 
tho diſta gone towards, or from, that point of the horizon may be readily 
found by help of the table af difference of latitude and departure, 

Thus, ſuppoſe that when the ſan bore SE4S. by compaſs, his altitude was 
$6? fo“; and after failing 18 miles on a fouth courſe hy compaſs, his altitude 
was 37? jo”: required what the firſt altitude wpuld have been, if gbſeryed at the 


* 


tion where the laſt altitude was taken, | 
Here the ſhip's courſe making an angle of three points, or 330 45” with the 
fun's bearing, find in the table of didkerence of latitude and d ure, what the 
differ ence-ot-latitude will be, when the courſe is 3 points, and the diftance 18 
miles, and vod will have 15 miles to be added to the 4irit altitude, the ſhip having 
s ſo muchtowards the point of the horizon that the ſun then bore on. So that 
the e to be uſed for finding the latitude of the ſecond ſtation are 27 057 
| Hed the ſhip's courſe been north, or three points from the point oppoſite to the 
© ſun's bearing; in that caſe the 15 miles muſt haye been ſubtracted from the firſt 


itode. 7 8 
Wen the ſhip's courfe is at right angles to the ſun's bearing, ar eight points 
from it: in that caſe there is no correction — 
= Example, Syppoſe à ſhip failing 7 knots per hour, on an EZ S. courſe, dy 
mpaſs, at gh. 554 30% A. M. per watch obſeryed the ſun's altitude 17® 33 
| A S4R7Þ. y' compaſs, 280 a- oh. 54 1% P.M, per watch obſerved the 
ſun's altitude 24% 55/ 5 required the latitude of the ſhip when the laſt wa; = =" 


* 
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taken, the lavienge by account being then 4% 34/ north, and the ſun $ declination 
o/ ſout 8 
ſe ſhip's courſe makes an angle of 6} points with the ſyn's bearing, al the 


diftance run between the obſervation is 2 miles; therefore from * table of | 


difference of latitude and departure, take out the difference of latitude anf 

to that courſe and diſtanee, which is 7 miles, to be added to the firſt. Gra. þ ; 
altitude, the ſhip having gone ſo much towards the point of the horizon that the 
ſun then bore on; ſo the two altitudes to be uſed for finding the latitude of 0 
laſt ſtation are 175 40 and 219 35. 5 


* 
7 LE 


iſt alt. 17. 33 
Cor, — 7 Nat, | Dur. 
4) Batra: Lat. 47. 340. 17087 
H. M. S. 17. 4030349 8. dec. ig. 30—0. 02565 
9.5570 218837328. : ” 
0.54-10 Log. ratio 0.19652, ↄ 
— „% — 3.4% „ 
2,58. 40 ; 1 | 
Z Elap. time 1,29. 2ũ0wꝙ0ꝓ. 0.494 6 
22 - » » » aegis 
Time from noon 0.56.00 F „ ü Sw. Eh. j 3-47283 4 65 
Doe per watch 0.54. 10. 5 0. 19652 
Watch ſlow. 1.50 FL. + 1889 S <0 566.0 3-27630 | 
Natural fine of greateſt altitude 37326 PE k . 


Natural fine of ſun's werd. alt. 92 18 8753 Sun's M.A; AN 
„ 'San'sZ.D. 1 
19. * Sun's Dec. 


Lat. | 
Had the variation of the compaſs been a plied th to the ſhip's courſe. and 


ſun's bearing, it would not ks made any Herence in the operation or reſult, F 


as the angle formed by them will be the fame, whether they are both eſtimated by 
compaſs, or when the variation is allagved in both. 


85 Explanation and Uſe of the Table of Difference. of Latitude and 


Departure from the Meridian. 
*HIS table, will give the difference of latitude and det for any diſ- 
tance run, under 300 miles to every quarter point of t] compaſs, and for 


every degree. 
The courſe ſtands at the head and foot of the table; at che head i it begi 
x point, and then $4 point, : point, increaſing forward to 4 points, an 


degrees. 045 
At the foot it begi s at 4 points, and then 4 1 points, r | 


mri NT IT «... 
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Coil: and os Diftance run given, 5 find the Difference of Latitude and 
„ aparte from the Meridian. Wee? 


— 


A OR fails S. by W. 4 W. 6 minutes, I demand thi Aerente- of 
and dep. from the meridian, 


the [efi-hand of the table under 42 py nts, and right againſt 6 minutes 
der din. you will find 4 the word 05.6 and (under the word dep.) 


02,0 for the difference of latitude and departure required. 
+4 EE A M BB: Lo B+ 
| 2. A tip fails SSW. half W. 60 minutes, 1 demand the difference of latitude 
we 8 from the meridian. 57 
* NA Mr LE. 
«Suppoſe 2 ſhip fails ESE. Z E. 65m. I demand the difference of latitude and 


* ure from the meridian. 
hat is, according to the former directions, the difference of latitude 21 9 


un., Ar 8 the departure 61.2 tenths, which was required. 
n XA AM LK 
. Air fails S. 35d. E. 137. minutes, I demand the diff. of lat. and * 


from tha mer 
- That is, diff. of lat. is 112.2 min. and dep. is 78.6 min. 
Several courſes and diſtances given, to ad the diff. of lat. and depar which 
[+ the relabring e. | 
„ AoWP L E. | . 
Admit a ſhip fails WSW. 106.2m. then W. BN, 10.4m: then SW. by W. 
E, 1 demand the oat, of lat. and dep. are courſe and distance from the firſt 


In . to the wor bs: by the traverſe table, ſet down the ſeveral courſes 
and diſtances, a as inthe le following. 


— a . 


Duff. of Lat. Departure. © 
Courſes. | Diſtance, |—— — 


J N. 1 + Se E. | W. 7 


in the North 3 er Nerth, and the oy EE 
© 


T0 FIND THE LATITUDE BY TWO ALTITUDES. 21g 
column under E. If the courſe be N. Weſterly, place the difference of latitude | 

in the North column under N. and the departure in the Weſt column under W. 

If the courſe be South Eaſterly, place the diff. of lat. in the S. column under 


S. and the dep. in the Eaſt column under E. but if the courſe be S. Weſterly, 
lace the diff. of latitude in the S. column, and the departure in the W. column. 


As for inftance, in the foregoing table, the firſt courſe is WSW. the diſtance 1 


106m. I place the difference of latitude 40. m. under S. and the dep. 97. 9m. 
under W, the like you muſt do for the reſt. | 

Thus having found the diff. of lat. and dep. for all the courſes, and inſerted 
their ſeveral diff. of lat. and dep. in their proper columns, the next thing 1s, 
to add up the N. E. S. and W. columns, and ſet their ſums underneath. 

Then ſubtract the North and South columns, the leſs from the greater; and 
likewiſe the Eaſt and Weſt columns. 

As in the pays. table, the ſum of N. column is 2.0 of the 8. 53-4, of the 
E. column 0.00, and of the W. column 126.8. And ſubtracting the N. column 
from the S. the remainder is 51.4, the diff. of lat. Southerly. 

And ſubtracting the E. column from the Weſt, the remainder is 126.8, che 
departure Weſterly. 

Now having the Aterenee of latitude and departure, you will find the courſe 
and diſtance by (71, ) to be WSW. and the diſtance 137 minutes nearly, or the 
ſame by the tables, looking for the neareſt difference of lat. and dep. under their 
reſpective titles. The uſe of theſe tables is ſo well known, that further illuſtrations - 
are unneceſſary, if not, they will be found fully in the Seaman's Daily Affiſtant. | 


The Uſe of the Table of Meridicnal Parts. 
This table ſhews the meridional parts: for every minute of latitude. 


RX: AMET: 3-6 
1. Suppoſe the latitude of 13d. 10m. be given, to find the meridional parts 


6 ging to it. ; 
Under 13d. in the firſt column, and againſt rom. in the right or left * vou 


will find 5 meridional parts to be 797 minutes. 
KA A . 
2. Admit you were to find the meridional parts anſwering to the lat. god. 10m. 
then as before you will find 3490, which are meridional parts required. s 
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103.915.416 5163. 224.2225222. 6033-0028 5[281. 941.8 
104.3\15.5}| 1661164.2|24.3\|2261]223.5133-x|] 286|282.9 41.9 
105.8|25.7]] 167] 165.2124. 5] |[227[224.5133-3j| 237128 4.9] 421. 
106.8]45.8}|168[166.2124.6|| 228]225.5133-4] | 288[284 .9]42-2 
107.8] 16.0f| 169|167.2[24.3||229[226.5|33+6] | 289 285.9 424 
 [108:8}16.1]|170[168.1124.9||230[227.5133-7] 290[286.8 [42-5] 
109.3] r6.3}| 171[169,1125.1j|231]228.5133-9; | 297 287.8 $142,7 
110,3|16.4||172[1790.1]25.2|| 232|229.51 34-0] | 2921283.81]42-8 
111.8|16.6]| 1731}171-1125.4|| 2331230. 534. al 293289. 343 · 0 
112 8 16.7[174/ 772.125.5234 2225 34.3 2941290. 8043.1 
113.7] 16.9] | 175117 3-1 25: +711 2351232.4134-55 1295]291-8143-3 
of | 1761174- 2361233-4[34-5| [2961292.3]43-4 
| 234-4134-5) [297] 293.8 43-6 
81235-41349 298 294.8 437 
236.4135-9] | 299] 295.8143: 
A 35-2 2 == 296.31 44-2 
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" Difeibrice of 2 an: Bean for - 1 Point. 7 i 


[DIE [Lat Lat |Dep) 12 Lat. Deni Diſt Lat. Dep Diſt Lat. Dep Ban Lat Lat; I | 
1 loo. 90.2] 61 59:8 7779 121 118.7 13.6 187 177.5 35-3 1241 236-3 77.3 | 
2 fol. 9/0. 4 62 60.812.022 [119.62 3.8JJ 182 178.5035. 2420232.3 
3 loa. 900.60] 63] 61.8 12.3,1123 1120.-6124.0|1.1831179-5]35-7]|243 238.3 F 
4 [03-900 e 64| 632.814.5124 121.624.200 134| 180g 35-9] | 244[239.3 i 
5 04.90.00 65 63.7]12.7;11251122.6[24.4}| 18501814035. 245 240.3 
6 j05-9jo1.2|| 66 64.71.9126 123.624. 60 1860182, 4036.3 24624 1.2 1 
7 06.901. 4] 67 65.713.112 [t24.5 24.3, | 1871183-4136.5||347[242. 2 # 
8 [07.8]o1.6|| 68 | 66.7] 14, 3; [128 [125-5]25.0\} 138[184.4136.7]| 248[243.2 | 
9 jo3:8101:8]} 6g9| 67.7113. 5 129 126.825˙2 18918 5.336. 249|244-2[ 48.6 ö 
20 o9-8]oz-of| 70| e ee eee | 


70:6 14-0, [132 129.52 5.80192 188.3137 50 2521247. 1 


248.1 
72.6144. 13413 7.426.100 194[190.2[37-9]| 254249, 


69.6 13-9) 137 [128.5 25.6|| 191|187:3137-3 Th 
71:6114-2/1133 1130.4126.0}| 193þ189-3[37-7]| 253 


15 [14+7102.9 73-6114.6, [135 [132.4 26.3!\195}191.2[38.0 25512501] 49. 
16 |15-7]03. 74-51 14-8, 113611 33-4126.5/| 196] 192-2[38-2[|256[2 5441 
17 [16-7]03.3 75-5115-0 [237 [134-4]26.7]] 197|193-2[33:4|| 2572 52.1 
18 [17:7 93: 5 76.5]: 5-2 [138[135:3[26.9 


198|194-2138.6||258[2 54.0 


77+5115+4 1139 [136.3]27.1;| 199] 195-2{38.3|| 259|2 54.6 


20 03.9 78.511 5.6 140 137.3027. 30ʃ 200 196.1 39-0 26o[255.0 50.7 

121 [20:6]04.1 "29-4 15.8 141 138.3 203119711 39-211 2611256. 50. 9 
22 21.604. 3 30.416. o 1542 139.3 202198. 1 39-4||262[356.9]51.1] 
23 22.604. 5 $1:4|16:2' 143 1140.2 


203119911 39-6[[263]257-6]51 4 


$2.4]16.4 144 141.2 204/200. 139.80 2642 58.951. 


25 [24.5049 $3-4116.6 145 142.2 205201. 040.0 265|z59.c . 
26 [25.5[ 05.1 84.316.846 143.2 206202.,040. 20266 60. 51.9 
27 26.505. 3 8$5-3117-0 [147 144.228. 7 207203. ol a0. 4 267 261.852. 
28 27. 5[05. 5 36.3 17.2 148 j145.1 


208[204-0140-6||268[262.8 $2.3 
: 209 205.0140.8 269 263. 8 2.5 
210120549 41.8 270 264.8 52. 
2111206.9]41.2 271 265. 8152.9 
2121207. 9 41.4 1272 266.7 531 
2131208.9141.61| 2731267471 53-3 
2141j209-9]41-3] 2741268:7|53.5 
2151210. 842. o 275 26947 5347 


87-3]17-4 [149 [146.1 
( 88.3 17:6 1250 147.1 
"$9.2 17:8 1511148.1 
90.2 018.0 152 [149.1 
917.218.1153 150. o 
92.2 18.3 [154 151.0 
93.218.555 {152.0 


275 2.178723. 
36 [35.340. o 94-1 18.7 156163. 0 2160211.84 276127047] 539 
6 2 127 8142.3 2771271,654. 
38 37.4107. 4 96.119. 27 158 154.9 218[213,3]42.5 278 272.654. 2 
39 38.2007. 6 97˙1(19.3(19155˙9 2191214-3142-711 2791273:6} 5444 | 
| 40 [39-2 07.8 "98.1 1119. 19.5 160 156.9 220[215-7142-9]1 280 274:51.54:6 | 
41 40.208. o 99-1 19.7 161157.9 221/2167432] 281]275:6|548|, 
42 41.2008. 2 100.619.9162 [158.9 | 222]217+7143-3]1282|276+5] 5540 
43 [42-2]08;4 101. 0020. 1163 185. 2231218.7143-5||223[2977,5| 55.2 
44 143-2]08.6 102.0]20.3'|164 160. 224[219.7143-7]|234|278:5|5 544 
45 [44+1]08,8 103. 020.5 [163 [161.8 2251220,6143-9||2851279.5] 55:6 
146 45.709. 0 104. o[a20. 7166 162.8 226022 1. 644-1 286280. 555.8 
47 (46. 1009.2 1104.92.96) [163.832.600 2270222. 6044· 30287287458. 
48 47. 1009.4 205.9 21.1 t68 164.7 2281223.6144-5||288]282.4] 56.2 
49 48. 1009.6 106.921.3069 165.7 


229224. 644.7 [289 283.4 56.44 
2301225-6144-9]|290[284.4| 56:6 


20729022: 5112701266.7 * 
231 226.5145-1]] 291 235: 4456.81 


108.921.7171 167.7 
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52 |5-0þ10, 109.8219 172 [168.7 2321227.5145-3}|2921286.4] 57:0 
53 15%0110,4 110.8[22.0 [173 [169.7 2331228.5145-5||293 2.37. 3457.2 

| 54 [53-0 0.5 [111.8þ22.2 [x74 170.6 2341229-5145-7|| 294[238.3 5733 
55 [53-9] 10.7 112.822.4175 171.6 23514309-5145-9||295[2839-3] 57,6 

| 56 54.9 10.9 113.38]22.6}|t76 — 236237446, 296[299. 2] 5748] 
57 [$59] 13-1 f[rr7 {114471223} [177 1273.6 2333.4, 2971598 3 5850 
58 56.917. 3 115.723. 00[178 774.6 2380233. 446.4 298 293.2591 
59 57-9} 11.5 116.723.2179 {175.5 123912 34-414 6 299293.2 058.3 
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Difference eka and Deparims et re 
iſt] Lac." 


175. 175.6 
176.5 
177.5 
178.3 
179.5 
180.4 
8 14 
182.4 
183.3 
Ee 
11854 * 
; 186. 2 
ö 187.2 
188.2 
189.2 
190.1 
191.1 
192.1 
193.0 
194.0] 
195.0 
1959 
196.9 
197+9 
198.9 
199.8 
200.8 

1. 8 


1202.7 
27011203 7358-0 
204.7 
205. 6 
206.6 
207. 6 
208. 6 
209. 3 
4210.5 
211.5 
4212.4 


213-4] 
E747 
| 21.543 


* 
» — es Geary ay 0s Sb 332 * ESA 


4216.3 
417.3 
218.3 
219.2 
220. 2 
221.3 


222.1 
223-1 


Pomnes 
[Di 


\ > 62 © mm 


© © wa ain 

| 2 
P - 
Ne) 
0 
1 
N 
— 


02.9 L 20 67.0 20. 3130124. 4 
11 10. 5o;. [ 71 67.20.60 133} 12544 
| 12 21.503.572 68.8 112 132126.3 
| 0 | | 13311273 
14 13.4004. 1 74] 70.8821. [134J128.2 


22 21.106. 4] 82] 78.5123.8}|142}135-9 
23 (22-0006. 7 83] 79.44.10 143]136.9 
24 23.00%. 0 84 80. 424.4 14411378 
25 23.9407.3 8 5 81.3 24.7145 138.8 
26 124-9107-5 86 $2.3124-9]| 14611 39.7 
27 125-3107.8]| 87] $4.3]25.2}| 14711407 


a8 [26.5j08.1}| 88] $4.2]25.5}| 148}x41.6 
29 J27-$j08 89] 35.225 0 72491142.6 
Ene 
31 [29-7j09-of | g1f 8726.40 15111445 
32 30. 609.3 92 $8.0[26.7]} 1521455 


33 132-6 09.6] 93 | 39.0127-0j| 1531146.4 
34 13%-5199-N] | 94 90-0]27+3|} 1541147+-4144-: 
35 [33-5j10-2]| 95] 90.9127.6|] 155} 148.3 
36 34.510. 4] 96 91.9127.8 156749˙3 
37 135-4410-7]] 97] 92.828.257 50.2 
38 36.40 11.00] 98 93.8}28.41} 158}21 521.2 
39 373111. 3JJ 99 94.728.759 52.2 
| © 153-2146.4] 
154.1 
155. o 
156.0 
156.9 
1574 
158.9 
159.84 
160.8 


| Difference of Latitade rar 1 for. 13 : Point. | 


1 Lat. |Dep [Dit] Lat, 2 Dit} Lat. [Dep. 
x 113.0[40.8 181j170.4}61.0]| 24i}226 . 81172 
2 41.1 182771.4J61.3JU 2421227.8] 81.5 
7 41.44 183f172.3(61.6j| 243I 228.8] 81.8 
4 41.80 184173. 262.00 244|229.7] $2.2 
5 2142+2]| 1851174-2162.3]| 2451230.7] $2.5 
6 42.4] | 186} 175-1]92.0} 246023 1.6 82.9 
7 42.8} |1851176.1163.9;| 247]232+5] $3.2 
2 43-2] | 188} 177.0]63.3]|2481233.5] 83.5 
9 43-4] | 1391177-9163-7] | 249[2 34-4] 83.9 
— etre |2591235:4þ 34.2 
11 44.1 191 179. 864.3251236. 3 84.5 
12 44+5]| 192]180.$164.7j|2521237-3] 84.9 
13 44-8|| 193]181.7]65.0}|2531238.2] $5.2 
14 45-1} | 294|182.6165.31| 25412392] $5.9 
125 45-51} 195]183-6165 70255024001 85.9 
16 45.801960184.5 66 250241.0 26.2 
17 46.70 197}185-5166.3\|257[242-0} 86.6 
18 9140-5 1981186. 66.7 258242.9 8.9 
19 46.8799 187. 467.0 2591243. 87.2 
20 31.8042. 200188. 3167.4 . 244. J 87.6 
21 47.5 201]189.2]67.7; | 261 245-7 7] $7.9 
22 47-8|; 20211560 2 68.0! 2622467] 88.2 
23 48.2 203191. 1068.4 2631247 6} 88.6 
24 48.5 204119241 68.7 264|248.6] 28.9 
25 48.8] 205193. 0 29. 2651249 5 89.2 
49.2 206194. 0069.4 | 26612 50.4] 89.6 
27 49+ 5} | 2071 194-9169-7] | 26712514] 89.9 
28 49.8| 208195. [70.1 | 268]2 52.3] 90.3 
29 50.2] | 2091196.8170:4\ | 265925 3-3] 90.b 
30 $0.5] |2101197-7[72:7] [270 254-2] 90.3 
31 $0.9 211 198.7 73,1] 271 255˙1 91.3 
32 51.22120199.671. 4272256. 91.6 
33 51.50[2131299.5[7170 127312570] 91.9 
34 51.9] | 2141201.5172.1| | 274 258.0 92.3 
35 52.2||2151202-4|72-4\|275]258.9] 92.6 
36 52.5 |2161203-4|72+7]|2761259.9] 93-0} 
37 $2.9] |2171204-3173-1] | 2771260.8] 93.3 
38 53.2 [21812052734 [278 261.7 93.6 
139 53.6} |2 19]206.3]7 3-8] [279 262.7 94-0 
40 53-9] 220207. 174.1280263. 6 943 
— 1 — — —— — — 
41 54.2 [2211208.174.44[ 2810264. 60 946 
42 54-6] 222209. 074.8] 821265. 5 950 
| 43 54-9 |223|210-c475-1}|2831266.4| 95:3 
44 55-2] |[224|210-91]7 5-4! | 284|267.4| 956 
45 55-6| |225\2 11.87 5,8j|2851268.3] 96.0] 
46 55.c| |2261212.8]76.1]|286[269.3] 96.3 
47 $6.2] |2271213-7176.5! |2871270.2| 96.) 
48 56.6\}2281214-7[76, 8 2388[271.+ 970 
49 56.9] \229|215.6|77.1}|289|272.2| 97:3 
50 $7-3] [230 216.5177-5 290223. 255 
51 48.077.211 104. 537.4 171 161.0 57.6||2311217-5177+-3; | 29112740 950 
52 49.97.50 [112 [105-41 37.7] | 1921 i61.9] 57.9] |2321218.4þ78-1, {29212749 33 
$3 49.239413 [106.4 38.1] | 1731162.9]58.4\|2331229-4173-5j|293|275.9] 98 
| 54 [59+8118.21f114 1107.31 38.41] 19411635] 58.6] | 234[220.3]78-8j |294|276.8] 990 
35 [51-$118.5]}3:5j103.3}38.7]| 27 51164.38] 53.9] |2351223-3]79-1]|295]277.5] 994 
56 52.7 18.9 116 109.239.1166 5. 759.5236122. 279.5296278. 99% 
382 453712 9-21[127 $320-2139 4[| 1774166.6159.6|| 232 223.2980 [297J 279-6110 
| 58 154-6 119-5 11811111 39.71} 4781167.6160.0] | 238]224-1]30.2] | 298]}280.6} 100-4 
$9 455-51 19-9\þr19 112.0040. 1791168. 560.2] 239]225.0180.5]| 299}232-51100/ 
bo . 52.212 [123-0[40.4|| 80/169. 560.2426. 0050.80 300282. 501012 
Dit {Dep Lat. Bin Dep. Lat ¶Biũſ Dep. ¶ Lat ¶Diſt Dep. Ter Diſt{Dep: | Lt 
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Difference of Latitude and Departure for 2 Points; 


Diff. Lat Lat. |Nep} | ut] Lat. Lepf Dini Lat. De I Diſiſ Lat. Dep. 
1 [00.91 56.423.300 1211118 [46.31 82J167.2 69.3 [247] 222.7J 92.2 
2 Jon.$jc 57.3(23.7 (1220112. 746.7821682 069.7 242[223-6] 92.6 
3 ſoa.8 58.224.100 1230113.647. 01830769. 170.0 24312245] 93-0 
4 03.7 59.124. 5 124/114. 647.5 | 184/770. 070.4 244 (225-4 93-4 
5 [04-6 60.1124.9|| 125|115-5147-8]| 1851170-9170.8]] 2451226.4] 93-81 
6 jo5.5 61.025.300 1261116.4148.2|| 186]171-9171.2|] 246 12.7.3 94-1 
7 Job.s 61.9{25.6|| 1271117-3148.6[] 187|172-5171.6]] 24712282] 94-5 
8 107-4 62.826 o| | 128]118.3149.0|| 1881173-7]72.0j} 2481]229.1] 94-9 
9 ſos. 3 63-8126.4]| 129] 129+2149-4|| 189] 174-6172-3]] 249230. 95-3 
10 fog. 2 64.7126.8] | 130[120.1149.3 = 175-6172-7]| 250[231:0]_95-7 
| 11 10.2 65.6127.2||131]121,0|50.1]| 91776. 573.1] 2511231.9]. 96.2 
| 12 [11-1 66.5[27.6| | 132]122.0]50.5|| 1921177-447 3-54] 25212 32-3] 96.4 
| 13 [12-c 67.5127.9] | 133]122+9450-9]| 293] 175-317 3-91] 2531233-3] 96.3 
| 14 12.9 68.4128.3|| 134]123-5]51-31] 1941179 2174-21] 254]234-7] 97-2 
| 15 [13-9195- 69.3]28.7]| 135]124+7]51.7]| 1951150-2174-b[{ 25512356] 97-6 
16 14.8 70.229. i| | 136]125.7| 52.0} | 196]181.1}7 5,off 256236.5 98.0 
| 17 15.7 71.129.500 1371126 6152.4|] 1971182.0[75.4]] 25712 37-5] 934 
18 [16.6 72-3]29-9] | 138]127-5] 52.81] 198 132.917 5.8{] 25812 38.4] 98.7 
; 19 [17.6 73-0130.2[| 139|128.4j 53-21] 199183976. 2259239 •3J 99-1 þ 
| 20 [225 73:9|30-6] | 140|129-4[53-61| 200134.8176. 51] 2Eo[240.2] 99-5 
4 21 [19.4 74,8131-0]| 14111303] 54-0} 201 1385.7176.9]] 261}241-1 99.9 
6 22 20. 3 75.8131.4|| 142[131-2|54-3| 2021186.617 7.31] 26224. 100.3 
0 23 [21-3 76.7131.3] | 143]132+1] 54-7] 2030 187+617 7.74] 2631243-0J10047 '# 
4 24 [22-2 77.0 32.10 144[133-0|55-1]| 2040188. 578.1264243. 101-0 [i 
6 25 [23-1 78,5132-5] 145] 134-9]55-5}| 205 189.478. 5265244802. 4 j 
9 26 124-0 79.5132-9] | 1461 34-9] 55.9} 206190. 378.80 266J245.8þ106.8 if 
; 27 124.9 80.4133-311 14711 35+ 56.3 2071 191.31]79.211 267 246.7102. 2 1 
+ 28 [25:9 $1.3133-71 | 148]: 36-7] 56.620892, 279.6 268[247-6 102.6 $ 
9 29 26.8 82.2}34-1] | 149137.757. 00209193. 180. 02691248. 5103. 0 | 
f 30 [27:7 _$3-2134-4]| 2501238-61 57-41] 2101194-0130-411 2701249:51223:3] 
6 31 [28.6 84.134.800 1511139-5[57.8]| 211]194-9]80.8]f 2710280, 4703.7 1 
0 32 [29.6 85.0]35.2|| 1521140.4| 58.21} 21211959 81.1 272 1251.311041 
3 . 15311414] 58.6|| 2131196.3]81,5 475 252.2104. 5 
6 154142.3158.9[214J197.7J8 1.9 2744253 2104.9 
1551743. 59-311 2151 198.6182.311 27512 54.0] 105-2 
1 561144-2] 59.71] 216|199-6[82.7]] 276Þ2 55.0] 105.6 
157|145-2|60,1]] 217]200.5183.0j| 277125 5.91 106.0 
158146. o 60.5 2181201-4183.4\] 2781256.9 106.4 
159146.9 60.9 [219202308 3.80 279]257.8] 106.8 
160142-5 61.21} 2201203-3 84.2|] 280[258.7 20H, 
1611148.3]61.6|j 221204. 2184.6 28102 99.6 107.5 
1621149. 762.0222 ]205. 1185.0 2824260. 6107.9 
16311 50. 662.4 [ 2230206. 08 5. 3 28326 1.5 108.3 
1640751. 562.8022420. 008 5. 7 2840262. 4708.7 
1651152. 563.1 225207. 986.1285263. 3109.1 
1661 53.4063. 52260208. 886.5 2860264. 109-5 
167154. 563.9227209. 786.9287265. 2109.8 
1681155.2 164.3228210. 787. 32880266. 1110.2 
169156. 164.7229 211. 687.6289267. ol 110.5 N 
2011821] 7][23012.5 88.01] 290[267.9] 111-0. 
173]158.c|65.4/] 2311213-4133.4j} 297 268.9 111.44 
172 0158.9 65. 802320214, 4088.802920 269. 8112.8 
1731159.8J66.2[233]215.3 89.2 2931270.7} 112.1 
1740160. 8 66.6 234216.2 89.6 294|271-6}112.5 
175|161.7]67.o|| 235[217.1J89.9 2950272. 1129 
176162. 667.44 236[218.0ʃ90. 3 296273.5[ 113-34 
1771163.5]67.7]} 237]279-0190-7]] 2971274441 113.7 
1781164.5|68.1]| 238]216.9]91.1]} 298[275-3] 114-0 
| 179} 165.4168. 5|| 2391220.8]91-5]} 2991276-31114-4 
.9] | 180} 166.51.63.9 240[221.719 1-98} 3001277+2 114.8 
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Lat Lat. De Lat. cp. 
55•1 1109.4 163.6] 7 1 243 = 103.0 

56.0! 110.3 164.5 2420228. 103.5 

57.002 111.2 165.4 2432296103. 

57-912: 112.3} 166.3 2440220. 5[104.;3 

58.8 113. 0 167.2 2451221.4\104.3 

59-7 113.9 168.1 2460222. 4/105. 2 

60.6 114.8 169. o 247J(223.3 1105.6 

62.5 115.7 169.9 2480224. 24106. o 

62.4 116.6 1270.8 1249122 5.7106. f 

| 63-5 1112.5 17 147) 250j226.0f106.g 

64-2 1118.4 172.6 2511226.91107.3 
65.1 119.3 173-6 4 2521227-$1107.8]. 

66.0 120.2456 174.5: 2531238.81j108.z 

65.9 121.1 17 5.4 2541229.6j108.4 

| 69.8 122.0 176.3 2651230. 5109. o 

68.7 122.9 177.2 2560231.4J109. 5 

69.6 123. 178.1 2571232. J109.9 

70.5 1247159. 179. 0 258123320110. 3 

71:4 125.6459. 2179-9 25992 34-31170.7 

2.3 22 1283 180.8} [260j$35-0]111.2 

73. 127.4 [181.7] 261]235.9]213.6 

74-1 128.4 182.6 26212 30.380112. o 

| 7 $40 129.3 133.5 112.5 

75.0 130.2 184.4 112.9 

76.8 131.1 185.3 113.1 

77.7 132. 9 2 41113.7 

78.6 229 187.1 114.2 

79-6137. 6 233-3} 188.0 114.6 

80. 5 134.7 188.9 115.0 

81.4 159]135:6þ 139.3 135-4 

þ $2.3 751018. 190.7 115.9 

| $3.2 137. 1910 116.; 

84.1 138.3 192.5 116.7 

$5.0 139-2 193.4 117.2 

$5.9 140.1 [194-3 6117.6 

36.8 141.0166 19 4 118.0 

$6.7 141.9167. 1 196. 118.4 

88.6 142.8167. 197.0 118.9 

39.5 143-7168.0]| 219]197.9] 1119.3 

90.4 144-6162.4 2201984 119.7 

91.3 145.568.3 199.8 120.2 

93-2 146.416943 200.7 [120.6 

93-1 4 1173 9.7 201.6 ; 121.0 

94.0 148.2170, 203. 5 21. 

| | 94:9 14943 205.4] 21.9 
| 46 19.7206 95.8 150.0171. o 204.3 122.3 
47 0-7H 1074 96.7 151. 205. 2 28712 59-41122,7 
48 $\ 108 97.6 151.9 206.1 28802 60.3 123.11 
50 [45:3 x09 | 93.5 152.8 207.0 289126 1.2 123.6 
| 50 110} 99-4 170}2153-7 1207-9 29@fz62.1 124-0 
15 Tr 100.3 1710786 208.3] 291 2911263, 124-4 
$52 $112. 4101.2 f F55.5þ 209.7 2921263.91124-9 
$3 1113 102. 148. 156.4 210.6 2931264.8J12 5. 
54 „ 1141103, 157.3 213.5} 2941265741257] 
55 115 103.949. 158.2 512.40 2951265.61126.1 
56 -9{1116 [104.5 159-147 543) 213.3 296267. 6126.6 
57 [51+ 117 nog. 8 180. 0 75-7 $+:124-2{ 101-31} 297 268.5 127.0 
138 152-41 118 106. 160.9 76.31 15.1 298 8 127˙4 
59 ; 119.1107.6 161.8076. 2316.0  299]370-3] 27.9 
Go | 12&f108, 5 162.772 E 22 .biþ 30cf27 1-24 128-3 
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114.0 
114.5 
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116.4 
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52.0278 
60 [59 28. 


Ls. Dep Diſt} Lat. Lat: pDepſ|Litt Lat. De [| Dil Lat. Lat. Dep. I] Diſt] Lat. 
wat = || 28.7 121 106.7 57. 0 181 759.6 "V5-3 241 212.6 
BA 29-2|| 122|107-6{57.51} 182þ160.5] $5.8} 242{213.4 
3 29.712308. 5 58.0 183 arg: 86.2 243] 214-3 
4 30.2 124[109-4}58.41| 184762. 3] 86.724421. 2 

1 30.612510. 3158.9 18 5163.2] $7.21] 245]216.3 
3 31. 1 126111. 1159.4] 186164. 1] 87.6 2460217. o 
- 31.622712. 059.8 2871164.9] 88.7 247[217:9 
8 132.0 228 e e 188]165.8] 88.6 248[218.7 

4a 32+5]] 129111 3.860. 8] 189 166.7 89.1 249|219.6 
10 [08 33:91} x30Þ114-7 61.3 190 167.6] 89.5} 250]220.5 

PE 33+-5S|| 13312 15.5161.71] 191J168.5 go.of|251]221.4 
5 33-91] 13z r16.4162.z 1920169. 30 90. 5252 zaz. 3 
13 134-41} 1331277-3102.7]] 19370. 24 90.9 253223. 1 
14 34.9 1341113.2163.1}] 194117 1-3] 91.4 2544224. 0 
75 35-31] 13511 19-1163.6{] rggf172-0| 91.9 [2552249 
1 35-381] 136]12009164.1]] 196[172-9] 92.4 [25622 5.5 
17 36.313710. 8 173-3] 92-$j}2571226.7 
18 136.8 138]121.7 174 6] 93.325822. 6 
19 37.213912. 6 175 5] 93-31} 259}22 8.4 

Wo 6137-74] 2401123:5] 176 4] 94-2 | 26c [229-3 
= 38.21] 14111244} 177.3 94-7 261 230.2 
* 38.6 142012 5.2 178.2] 95-2]{ 262[231.1 
23 39-1]| 243}126.1 179.0] 95.6 2631[232.0 
24 39.6 144[127.0 179.9 96.11] 2642 32.8 

125 40.1 1451127.9 180.8 96.6265 233.7 
26 40.5 2461123.8 181.7] 97-1}} 26612346 
27 41-Off 21471129.6| 182.6 97.5}]| 267j235-5 
28 41.5]þ2431130.5 183-5] 98.00 26$}236.4 

29 41-91] 2491131-4170.21\'209[184.3] 98.5 2691237.3 
30 29-4440 1 50þ132-3179+7 2108.2 98.9270 238.57 
7¹ 3142-80[181J(733.2 472.1217186. 994/2710239. 0 
32 -1143-4]} 152[134-1171.6|ſ'212[187.0| 99.91] 2720239. 9 
33 82.043 ·8 1531134972. 1 213J187.9 100.4 273240. 8 
24 $2,9144+-3 I54 135.8 72.6 214 188.7 100. 8 2741241.7 9.1 
35 $3.3144-4]] 15511 36.717 3-of| 215[139.61101.3!] 27512425]: 
36 84-7145-2[| 1561237-6[73-5|| 216|190.5|101.8}] 276j24 3.4 

37 85.645,75 0138.5 74.0 22175191.4|102-2}|.2771244-3 
38 $6.4146-2]] 158 139.4744] 218J192.3 102.7 273124 5-2 
9 87 ·3(46.6 159740. 274.9[ 219193. 20103. 2 2790246. 
40 88.2 47-1 160 141-117 5-4]} 220[194-0[103.7}|2801247.0 
41 $9.1 47-6 1611420759 2211194-9]104-I1{2811247.8 
42 90. 0048. 1 1621142.9176.3]] 222[195.3]104.6|] 282[248.7 
43 90. 814%5]} 1631143-8176.31] 2231196.7[105.1]] 283[249.6 
44 91.7049. x641144-6]77-3]] 224[197.6[r05.5]| 2842 50.5 
45 92.649·50[650(145˙5027·7Jl2250798.40 706.0 285 514 
46 93-5149-9]] 1661146-4[78.2j] 2261[199.3 106.5286523 
47 94.450. 4] 167147378. 227200. 210%. 0 285283. l 
48 95.3150, 9 J 168 148.279. 228201. 110%. 42882 54-0 
49 5.1051.40169 1149.1 32.7 2291202. 010%. 9 28902 54.9 

0 | 97-0 51-8] 1701149-9180-11} 23012029] 108.4|| 290 2558 
$1 97.9523 171]150.8180.6|] 24112037] 108.8]] 29112 56.7 
$2 98.3}52-8}|-172|x151-71$1:0 232 204.6 109.3 2920257. 5 
$3 | 99+7053-2111731152-6151.5)] 2331205-5[r09.311 2931258.4 
54 100. 5537 174[153-5182-0]] 2341206-4|110.5]} 294[259-3 
55 5 101.4542 [ 17511 54-3182+3]| 235207. 31 10.295260. 
56 [49.46.4116 102.354.7767. 2 082.9] 236 208.2 111.240 2960267. 
80 50.36.9717 103.20 55˙ 272156. 183. 40 2371209. 00111. 7297/2632. o 


119 [105.00 56. 279[157.9 84.3 239210.8 172.6 299]263.7 


$1-2127+-3}1118 104. 155· 60 1780757. 0l83.9 [ 2380209.9 112.1 298 262.8 
8 $6a5/ 180 158.8 $4.8 .240] 212.2 113.1 490 264.6 
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iſt. Tat. — Bil Tat. [Dep [Dep Dil 
| 009|00.6| 61 61] 52.331.406 121 
2 oi. ol. oi 62] 53.2131. 91122 
3 loan. 601. ff 63] 54.0032. 4123 
4 3.42.1 64 34.910329 124 
5 4.3 oa. 6 651 55.8334 125 
6 os. Jog. 1 66 56. 633.9 126 
7 6. oog. 6 67 57.5 34· 40 127 
8 ohe. 1 68] 58.335128 
9 2 04.6 69 59.2[35-5]| 129 
10 8. a5-z}} 70 Lei. 3 
11 [09-4[05-7Þ} 7x | 60.936. 5131 
12 [10.3j06.2]] 72 | 62.8137.0f{ 132 
13 1.206. 93 | 62.637.600 133 
14 12. 00. a 74 63.538. 0 134 
15 12.5.7 75 $4-3138-61[135 
x6 13.208. [ 76 65.203910 136 
17 74.6 08.70 77 | 66 0139 6/0137 
18 15.4009. 3 78 | 66.9140.11}138 
19 16.3 09.8 79 | 67.840. 6 139 
20 [17-2110.3 80 88.647. 140 
27 18.010.887 69.541.40141 
22 18.971. 3 82 70. 342.2142 
23 19.711. 83 | 71.2042.7 143 
24 20.612. 3 84| 72.0[43-21} 144 
25 21.4 1 24 851 72.9437 145 
26 22.3013. $6] 73.844.216 
27 123-2 13.9 371 74.644.747 
28 124-0] 14-41} 88 75.545. 2148 
29 [24-9114-9]} 89 76-3145-7) 149 
30 [25-712 5-4} 90 . 77-2146-3/} 150! 
1 20.615.991 174 151 
<1 27-4416 92 | 78.947.311 52 
33 15-3 17.0 931 79-$147-5\153 
234 29•2 12.5 94] 80. 6048.301354 
35 300 18. c 95 81.5 48.2 155 
36 139-9 18.5 96 32.3149.3}} x56 
37 132-7}*9-0 $3-2149-9\}157 
5 38 22.619. 84.150. 4158 
39 4335 84950. 9 159 
40 [34-3 $5.8151-4}{ 160 
tor 135-2{21.1]|zor| 86.6[$1 9 f 161 
42 36.021.602 87. 552.4162 
43 36.922. 10103 $8.3 52.9 163 
44 137-7122-6}]z04 | 89-215 3-41] 164 
45 38.623.105 g0o.rf54-off 165 
45 139: 5}23-6jj106 | 90.9] 54-51] 166 
47 140-3]24+2\1107| 91-8]55-ci} 167 
148 41.2024. 7; 103} 92.6]55+5\| 168 
149 [42-0 25.2 109 93.556.069 
{ 50 [42-9]25-7110| 2-06-5022 
i $1 143-7126.2|111 | 95-2 77% 171 
52 4,626.7 112 96.757.672 
$3 45:5127-2 1113 96.9|58.11]] 173 
54 145-3127+8 [114 | 97.3] 58.60 174 
35 47-2 28.3 ape 98.6 22 . 
| 116 99.559.617 
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1.1 2481 180.906. 31] 241240. 9 98.4 

2 182J181. 906.4 242[241.G]08 5 
3 183182. 906.4 2430242.9 08.3 
4 184183.9 06.4] 244243. 908.5 
5 1351184.9]06.5]| 245|244.9498.6 
6 18618 5. 906.5 246{|245.9498.6 
7 187186.9 06. 5247246. 908.6 
8 | 188187.9 6.602480 247.9 08.7 
9 189 188.9 06.6 245 [248.9 08.7 
10 1900189.9 06.7] 250[249-9 08.8 
11 1910190. 906.7 251 250.8 [08.8 
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14 194 9106.8 | : . 
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14 03.2121 130.7] 09. 5% 2411240. 12.4 
2 03.2122 181.7] 09.5 2421241. 12.) 
3 03.300123 182.7] 09.6 2431242.7] 12. 
4 3.30124 183.7 9.6 244/243.7J 12.8 
$ 5 03.4012 5 184.7] 09-71] 245][ 244.7] 32.8 
6 03. 5126 185.7] 09.7 2460245˙7[ 12.9 
124 03.5127 186.7] 89.8 247246 7] 129 
* 903.6128 187.7] 9.80 24802477] 13.0 
9 03.6129 188.7] 09.9 2491248.7 ] 13.0 
2 £9:9]23:7}|130 | ILL N (2500249271 13 
11 03.7731 190.7] 10. 025102 50.60 13. 
12 o3. 8 132 191.7 10.0 252 251.6 13.2 
13 02.8 133 192.7 10.1 253 252.6 132 
14 03.9 134 193.7 10.1 254 253.6 13.3 
. 15 93.9135 194.7 10-2 2552546 13. 
"* Il 04. 136 195-7] 1.3 256[255-6] 13.4 
17 04.0137 196.7] 19.3 257ʃ256.6 134 
118 04.1138 197-7] 10. 4 2581257-6| 135 
19 04.1139 198.7] 10.40 2 592 58.6 13.6 
20 24-2140 199.711 26002590 1340 
z 04. 2 141 200.7] 10. 8 261260. 6 139 
| 22 94.3142 201.7 10.6262 261.6 13.7 
23 | 04.3143 202.7] 10. 263262. 6 13 
oy $3.9 04-4, 144 203.7] 10.7 264[263.6] 13.8 
25 84-9 04-4 1145 204-71} 10.71} 265 264.6] 134 
26 $5.9 04.51 146 20 5.7 10.80 266126 5.6 13. 
2 27 86.9 04.6 147 206.7} 10.8 267 266.6 14.0 
28 $7.9 04-6, 148 207.7] 10. 267.6 
29 88.9104-7, 149 208.7 
| 32 EA 209-7 
T 90-9104. 80/151 210.7] 
132 91.9 04.8 152 211.7 
33 992.904.9153 212.7 
34 93+9194-9 [1 54- 213-7 
35 94.905.000 155 214.7 
36 95 95·04c156 21507 
37 96.9 05.1 157 216.7 
38 97˙9J05· 158 217.7 
39 98.905. 20159 218.7 
40 99-9125 2.1160 219.7 
41 100.9 05-3 161 1220.7 
42 101.9053062 221.7 
| 43 102.905 · 4/163 222.7 
44 103. 95-4164 223˙7 
: 45 104.9055 %165 224.7 
46 105-9105-5 1166 22 57 
-$ 47 106.905.6167 22 6.7 
48 107.805. 7168 227.7 
f 49 108.8 05.7 169 228.7 
co 109.3005. 80170 229.7 
Iz | 110.805.8171 230.7 
52 111.8 06.9 172 231.7 
53 112.8 05.91 173 232.7 
2 j 54 113-8 02.74 233.7 
s 55 114.806.0075 234.7 
55 115.806.1176 235-7 
a 57 116.306.1177 236.7 
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Diſt. Lat.] Dep. Diſtſ Lat. Dep, Diſt] Lat. [DepjJDitt t| Lat. Dep 
lr 01.0 00.1] 61 60.9 04.30 1210120, 708.4181 1]1240.4116.8 
2 [02.0 00. 1 62 | 61.904. 3 122121708. 5 2[241.4| 16:9 
| 2 [o3.o[00.2}| 63 62.84.40 123722. 708.8 242-4|16.9 
4 |o4.o[00.3]} 64| 63.8[04-5} 1240123786 243-4|17.0 
5 (o5.c[00.3}} 65] 64.8045 1251 124-7J08.7 244.4|17.1 
6 lo6.0{00.4)] 65 65.8 [04-6 12612 5. 708.8 245-4]17.1 
7 (07.0500. 5 67 66 804.7 127]126.7]08.9 246.4|17-2 
$ ſos. oſoo. 0 68 | 67.804. 7 128]127-7108. 247.4|17.3 
9 [0g.o[00.6}| 6g 68. 504.8 129] 128.7309. 243.4117.4 
10 [10.0007 _70 | 9-3124-9]; 13911297499: 2591249-4|17-4 
731 1. oOo. 8 71 | 90.8J05.o}; 1310130. 709. 250.417. 5 
12 [12.0{00.8}} 72 71.8050 132J131.7 251.417. 6 
13 13. ooo, 9 73 | 72.3]05-11} 133] 132+7109+3 252-4|17.6 
14 14.0001. 0 74 | 73.8[05-20 1341 133-7 253:4117.7 
15 [15.0j01-0}} 75 | 74-8195-21 12511 34»7]6 254-4|17.8 
16 16.00 I} 76 75-8[05-31}1361135-7] 255-4119.8 
17 [17.0]91.2}]} 77 | 76-8105-4þ 137 136.7 256.4117.9 
18 [18.01.30 78 |-77-8[05-41} 13511 37+7 257-4118,0 
19 19.000. 3 79 78.805. 5 13911 38-7 258.418. 
20 fz. 01.4 8 72.801402 259.4018.1 
1 21 (20.901. 5 811 So. 805. 71 14111407 260.4 18.2 
22 [21.9015 82 81.8057 1421141-7} 261.4|18.3 
23 (22.901. 6 83] 82.3008. 1430142-7 262.4118 3 
24 [2391.7 84] 33-$195-9]; 14411437 263.4J18.4 
25 [24.91.70 85 84.8059 145]147˙7 264.418. 5 
26 [25.9j91-2}| 86] 85.8006. 1461145,6 265.4|i8:5 
27 [26.90.90 87 86.806. 1 147146. 6 266.418, 6 
28 27.9 22.04; 88 87.8 06.1 148 147.6 267.4 18.7 
29 28.9 02.0 89 $8.8106.2\| 149] 1483.6 268.4 18.7 
10 [29.5|22-1}] 90 8.80% 9142-8 269.4|18.3 
31 30.902.291 90. 806.40 15151 50.6 270. 318.9 
32 [31.900.292 91.806. 4 1 52J151.6 271.3119. 0 
33 32.902. 3 93 92.806. 5 152 6 272.3019. 
34 33.90.40 94 | 93.80%. 153.5 273˙3019.1 
35 34.902.495 94.806,60 15511 54.6 274-3] 19-2 
36 35.902. fl 96 | 95.3106.7 155.6 275-3119.2 
37 36.902. 6 97 | 96.806. 156.6 276.319.3 
33 37.902. 7 98 97.8 6.9 157-6 (277-3119. 
39 [33.9|02.7]| 99] 98.8 158.6 278.3 
40 39.90.8000 92.8 159.50112 279-319-5 
41 [40.9|02 9101 [100.8 160.6 1280-31196 
42 141.9j02.9}|102 [101.8 161.6 281.3 
43 [42.903.103 [102.8 162.6 282.3 
44 43.903. 10104 [104.8 44163. 283.3 
45 (44.903. 1105 [104.7 164.6] 284.3 
45 45.903. 2106 [105.7 165.6 28 8.3 
47 46.903. 107 [106.7 166.6 286.3 
48 47.903. 4108 [107.7 167.6 8287.32 
49 48.903. 4109 [108.7 168.6 288.3 
50 [49-9 23: +5,1t101109.7 1701169.6 289-3 
51 [50.9 oz. 53.607177 110.7 170. 6 290.3 2002 
52 51.903. 6 112111.7 171.6 291.3 
53 52.903.713 1112.7 172.6 292.3 
54 153-9[93-8$}[114 [11347 173.6 129343 
5554.93.80 15/714.7 174-6 294-3 
56 [55.9193-9;\r16}115.7 17.5-0 6295.3 
57 56.904. o I 174116,7 176.6 297 296-3 2c 
58 87.94. 118 17.7 PD. 177.6 2981297.3 
59 158.9194+1 j119 118.708. 278.6 299F298.3 
_bo. 59-0194 2 }120 119-7 7193.4]; 180 [179.6] 300| 299.3 
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| 11 61 60.8 _—_ 31} :24120.5]10.5]] 181}156.3þ 15:7] | 24:f240.2 | 21.0 

3 . 2 5261.8 ©05.41[122]121 80.618278 .3] 15.8] [2422411] 21.1 

L 3 63] 62.8 5-51| 1231122.5{10:7 183 82.3] 15-9} 1243[242.1], 21,1 
4 | 64 |, 63 $j05.61| 1241125.5[10.8]\ 184]183.3 16.0]; 24412431] 21.2 

12 6s | 6485.712524. 5 rc. 918; 184. 3116.1 24512441] 21.3 

6 66 65-7 05.81] 1264125.5[11,0]|-186f| 185.30 16.2|{246[245.1 21.4 

| 7 67 66.7[05. 8 127J126.5 110187 286.3 16.3}1 2474246.1] 21.5 

3] $i} +68] 67:7f05-9j] 1281127.5]11.1}}:188}187.3] 16.424824 10 21.6 

-1 0.1 69 68 76.019128. 51.2 18g}188.3] 16.40 249/243. 1 21.7 

ro 79 j-69:7106.15| 130fr2R5[11.35] 190f189.3] 16.5 | 250[249.1] 21.8 

11 71e. 21310130 5111.4 191190. 3 16.6251 250 21.3 

1% 724 71-7106.3]| 132[137-5}11.5!} 192f191.3] 16.7 25212 51-0] 21.9 

13 73 | 72-7%06 44 133]132+.5{77.6 193 192.3] 16.3}{253[252.0] 22.0 

14 74 73-7126. 51} 1341133511171} 194] 193-3] 16.9 2541253-0| 22.1 

; 15 751 74740050] 13211 24-5]11.7 1951194.3] 17-0j[255[254-0] 22.2 

16 76] 75-746. 136 13 5.511.807960 95.30 17.125625. 22.3 

17 77 76.7406. [137J136. 5 11.91] 197]: 96.3} 27-1} 2571256.6] 22.4 

18 78 227 1381137. 51a. o 198] 197-2] 17.2}|258[257.0} 22.4 

19 79 | 78.705 gf| 1391138.512.1]] 199 198.2 17-3}|259f258.0] 22.5 

20 | 80 79-71497-© 1401139-5]12-2]] 200f199.2| 1.4260 259-0] 22.6 

IT] | 81 | $0-7J07.:]| 1411140-5112.3]] 201160. 2 19.51] 261 260.0 22.7 

22 82 81.7 7. 2 1421141-5[12.4\|'202]201.2] 17.6]] 262[261.0] 22.8 

23 33 827 07.2 143J142. 512.4 203 I 202.2 17.7 2630262. 0 22.9 

24 84 83.77 3144/143512. 5 204203. 2 17.264263. 0 23.0 
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27 87 86.7 07-61] 147 146.4112+%|} 207J206.2] 18.0 2671266. 0 23.2 

28 88] $7-7107-74j 1481147-4}12.9]} 20820. 2 18.1268 267.0 23.3 

29 89 88.707. 8149 148-4}13.0 209 208.2 18.226926. 0 23.4 

| 30 go 89.7 07-8, 150 149.4J 1111 210[209.,2 18.3 270 269.0 23.8 

| 31 91 90-7107-9}] 1511150-4}13-31}211[210.2] 18.4 271 270.0] 23.6 

32 92 | 91-6j08.of} 1521151-4{13.2 212]21T-2] 18.4}|272[271.0] 23.7 

1 33 93 | 92-6193-2]] r531152-4[13.3]|213[212.2]. 18.5 27312720] 23.8 

, 34 94 93-6j95-2{] 1541153411 3-44] 214|213-21- 28.6 2741273-0] 23.8 

3 95 468.3] 15511 54-4[13-5]| 2x5[214-2| 18.7]} 2-5[274-0| 23.9 

36. 96 95-6]923-4{] 156]155-4[13:6|| 216215. 18:8 276127 5-0] 24.0 

: 37 . 97 96 6103-5] 15711 56.4 13+71] 2471216.2] 18.9 277127549] 24.1 

38 : 98 97-6405-51| 158[157-4413.7]| 218]217.2 19.01] 278[276.9] 24.2 

= 39 99 | 98.6 08.6159 158.4J13.8 2190 218.2 19.2 279127759 24.3 

Eee e eee 2201219.2þ 19.1] 286[2789] 24.4 

3 "41 140. 10x 0.65. 8 1611160.4[14-off 221]220.2] 19.2 2812799 24.4 

142 (41. 102 101.608 gf] 162[161.4]14-1]] 2220221. 2 19.31] 282|280.9 24-5 

—_ - 43 . 103 102.9 09.0 163 162.4 1 4+2 223 222.2 16.4 283 281.9 24.6 
| A 4 44 104 103.6 09,0 164 163.4 14.3 2241223+1 19.5 284 282. 24.7 
. 145 105 04. 091165764444] 2251224-1| 19.6028 5283.9 24.8 
E 46 0 106 105.609.2166 65. 4/14. 4/[ 226022 5.1] 19.7 286284. 9 24.9 

| , 47 E 107 [165.6109-311 267[166:4}14-5}} 2271226-1] 29.7 285128549 25.0 
= '1 43 108 [107-6109-4]] 268} 167.4114-6}} 228 227.1] 19.-8j|2881286.9 25-1] 
= 49 . 109 [108.6f09-511 1691 168.4414-7]] 22912281] 19.99} 289[287-9] 25.1 
| "1. 50 49.8 110 109. 609.6 170 169.4 414.8] 230229. 1 20.0 290 288.9 222 

For 150.8} 11: [110.6}09-7]] 177 170.4 14.9 [ 2311230-1] 20.1]} 291]239.9] 25.3 
132 6. 112 111.6097 172[171.3015.0f| 242[231.1] 20.2 2921290.9] 25.4| 

: 53 . 113 142.6 09.8 173 172.3 15.1 2331232.1 20. 3 293 291.9 255 | 
= | 54 |53: 144111 3-6109-9 11 174[173-3Þ 5-21} 234[233:7] 20-41] 294[292-9] 25.6] 
. 55 54. 1151114611001] 1750174-3]15-21] 2351234-1] 20.4\| 295(293-9] 25-7| 

g | 56- 116j175.6140-11] 1761175.3]15-3]} 2361235-1] 20. 5 2961294-9] 25-3] 
 -. 57 56.8 117 4116.6}10.2[| 1771176. 3115.4} 2g71236.1] 20.6 2971295-9] 25-3] 

- 5¹ 1181117.61109.3]| 1781177.3015-5ff 238237. 1 20,7 2981296-9] 25-9 
. 119 118.519,40 1791178.511 5.6 239238. 20.81} 299297 90 26-0| 

| k © | 60 159-5325: 1201119-5 10-4þ 18017931 6. 7 240239. 71] 20.9 300 298.9 26.1] 
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is 22 06.4\|121[120.3] 12.6} | 181180, r d, pity | 
ere a ere e , ee plantar] aca 
3 493+O 90˙3 63 d 06.60 123 122. 3 12. 8 118 f 9. 16 * 240.7 25.3 
1 9114531 2-of 19.1 11-2431[241.7] 2 
4 |94+0]00-4]| 64 06.7||124|[123-3] 13-0j] 184]183.0f 19.21þ- 48 
Lege 65] 06.8}| 12511243] 13.1185 134.0] I LY 26477-5202 
6 [96:0 00.61 66 06.91 | 126 125.3, 13-2|| 186 18 5.0 dhe = +3+7 -2 66 
eee 67 o. 127/126 34: 13:3] | 1871186.0 = LY 244-6] 25.7 
[48 ONE 00.8] |- 68 97 1128 127.3 1341888187. 0 2955 24 mm 25.5 
- 9. [08.9]00-9]} 69 07.2 129}123.3] 13.5018 75 1 2599 
; » 9 188.0 19.8 2 6 
10 [og 901.0 0 75 ; 124912476] 26.0 
| 12 [19.9 — = 8 : = og 155 — = Dd | en nnd Rt 
P 2 . 3 2.31 13.711 189.01 ; rn 
12 [11.901.372 07.50132J131.-3 — 132 Dy _ * on "2 - 
13 [12-9]91:-4|} 73 07.6!| 1331132+3] 13-91] 193[191.9] 3 B 
14 13.9 _ 74 07.7 134]! 33+3 3 a 3 nol oy on 2 
15 TEN 91. 75 97.5 13511 34-3] 14.1 102. | e. 5 
16 [i5.gf01.7]] 76 07.9 1361353 5. 124 9 Tv «34 253˙6 BOD 
181, 78 08.11 | 138]137-2Þ 14-41] 198019 8.91 20.7 32 ＋ 
19 8.9. 29 98. 3\ | 139} 138-2] 14.51] 199f197.9 Sei a0 ISP Op BIS 
EAA 25 4423214 2e 9849] 25.8 288%258·60 27.8 
* 20.902.281 58. 5 141 140 2 EPL . 7 —|—l| — 2 
22 21.902.310 82 08.6} | 1421141.2 — >> — and 78 259-0 27-3] 
23 127 92-4] | 35 08,7 14311422] 14.9}|203[201.9] ** 267 erer e b 
24 |* 391930} 84 08.8; 144/1432 15.0} 204202! "7 8 
25 (24926085 08.91 145/1442 15202 41722791 21431} 264[202-5]-27.6 
e e e fluted ee a e hal 
27 j20.yj02, | 87 09.1 147 146.2 icaltzaniao „91 0 ö $+5 27. 
28 27.902.988 99.2148 ; 7205.9 21.6267 265.5 27.9 
4 45]147-24 15.51] 208]206.9] 21 68126 
1 29 28.83.00 89 09.3149 148.2J 15.6 2 7 268[266.5] 28.9 
39: 123:2123-x1t- 904 29-44 | 150j249-2 rollaraiods 21511 269]267.5]-28.x 
21 30.803. 2 91 rere 
37 13%2303% 91 09 51510150. 2 15.8211 209.8] zz ro 251126 — 
= * 975 92 09.60 152]151-2] 15.9 [ z 12421080 22.2 = 5 5 2 
3253-4] 93 97 | 153þ1 52-2] 16.00 "of 1 70+5]:; 25.4}; 
34 |33-5103-6||. 94 09.8 1 153 2| 16.1 as 4g 4b > #730070 3] 28.5]. 
35 [34-5193-71| 95 99-9; | 155]154+I| 16.2[| 2151213.8 = 570197060 LY 
36 [35-8103-3]; 96 10.0 15507155. 1 16.3}|216[214,8 2s e 
37 [36:8039]| sss 1550188. 364 argh2188] 22705 zs 285 
38 [37.84.98 10.258015 2 16.50[413J226.8 ha 2771875+51; 28.9 
39 38 8 04.1 99 10.3 159 158.1 | 16.6 angela 3 8 22. 278 276.5 29.1 ! 
40 39. 804. 2 100 10. 5 160[159.1] 16. 8 8 ”"_ 279 5 29.2 
r — ___—_ 1 — K q 1 * . 2 181 : 
42 [41.3Jog. | a hots 9:5} 23,11} 2811279.5] 29.41 
: 4-4||102 [101.4|10.7;| 162]161.1] 16:9j|222[220.8] 19.2 9-4 
43 ny 94-5|[1043 102. 4/10. 8 163/162. 1 17. 00[z23 [221.8 St, : 51 
44 9 94.6% 104 103.47. 9164/7163. 10 17.10 224[222.8 . 
= we 04-7] [105 [194-4[11.0; |-165}164.1] 19.2 225 223.8 ITY 
- 4. 04.8 106 105 4411.1 166116. 1 17.3 326 224.8 * 
5 409+7 94 9107 106.411. 167 1745 3 AIR 5 
3 wn _ 108 1 11.3001680167. 1 17.60[ 228 [226.7 ow 
; og 411.4169 1168.1 17: 201227, | 
E. EE 2. 17.8 —. 2357 . 
31. 50.705.301 11 110.401 1.60(771ʃ 778.177 py — 
53 52+7[95+5}[11 34112-41118} [2731 172.0] 18a 23302317 — 
+ 2 05.6 ti4 11134 11.9 1741173-0| 18.2 234 232.7 75 77 
$ 7105.7 11511442. 00[175ʃ174. 0 18.3 235 4337 2 8 
5 1 4 95.9116 $1544 12.1 1761175. o 18.4 236123447 7 
7%. % [116.4112-2] | 1971176.0þ 18. 5 w | 
$3 57·7[o6. 10 | 237[235+7] 24.8 
= «H[118[117+4[12+3] | 1780177-0] 18:6}}24381236.70 
79 esa 18.34 2210 4% 24.9] 
6 e2/[119|115-311244/| 179]178.0] 1872392 p< | 6 
226.3720119. 8 123912377] 25-0: 
— 2 3 2 12 180179 of 18:8 240 238.7 2£14 
dabgig| {== 
— | P. at. it[Dep.| Lat Biff Dep. | Lat. 


Difference of Latitude and Departure for p Deg. 


Ul 


&- 
= 


_— 


- 
* 


een an 


Lat. 


100.1 


Dep] 


00.3] 
00.4 


8 
4 
© 


23.8 
24.8 
25.8 
26.8 
27.8 
28.8 
29.8 


02.9 
3-0 


30.8 
31.8 
132, 8 
33˙7 
377 
35-7 
36.7 


o0.5| 
$00.6 


Diſt 


70. ous 
71.5 


Dep 


Diſt 


07.4 
07.5 
07.7 
07.8 
07.9 
jo8.0 
8.2 
o8.3 
08.4 


08.5 


o8,8 


oF 5 


121 
122 
123 
124 


* 
00.0 


i Ax: 
09.2 


00.4 


09.31 


09.7 


100,2 


101.2 


102.2 
103. 2 
104. 2 
105. 2 
106.2 
107. 2 
108.2 


109.2 


110.2 
111.2 
112.2 
113.1 
114.1 
115.1 
116.1 
117.1 
118.1 
119.1 


09.4 
09-5 
09.6 


139 


09.9 
10,0 
10. 1 
10. 2 
110.4 
10. 5 
10.6 
10.7 
10. 8 

11,0 
bn 


11.1 
11.2 
11.3 
11.5 
11.6 
11.7 
11.8 


12.1 
12.2 


12.3 
12.4 
12.5 
12.7 
112.8 
12.9 
13.0 
13.1 
13˙3 
23:4 
13+5 
13.6 
138 
03-9 
14.0 
14.1 
14.2 


145 
14.6 


11.9 


14.4 


141 
142 
143 


149 
150 
151 


Ter 


Lat. 


120.1 
121.1 
122.1 
123˙1 


124.1 


125.1 


126.0 
127. 0 
128.0 
129.0 
130.0 
131.0 
132.0 
133.0 
134-0 
135.0 
136.0 
137. o 
138.0 
139.0 


139-9 


140.9] 
141.9 
142.9 
143-9 
144-9 
145-9 


146.9 


147-9 
148.9 


Dep. Diſt 


147 
149 


115.1 
15.2 
15˙3 
15-5 
156 
15 7 
15,8 
16.0 
16.1 
16.2 


15.0} 


| 


Lat. 


179.6 
180.6 
131.6 
182.6 
183.6 
184.6 
185.6 


188.6 
189.6 
190.6 
191.6 
192.5 
193-5 
194-5 
1958 
199.5 
197-5 


198-5] 24 


199-5 
200.5 
201 „5 
202.5 
203 5 
204.5 
205.4 
206.4 
207.4 


208.4 


. 


-— 


— 


186.6 
4187.6 


211.4 


1212.4 


21344 
214-4 
215-4 
216.4 
2174 
218.4 


219.3 


220.3 


221.3 
222.3 


223.3 


224.3 


225.3 
226.3 
227.3 
228.3 


231.3 
732.2 
233˙2 
234˙2 
235˙2 
236.2 
237-2 
238.2 


De: 


209.4 1 
210.4 


229.314 
230.3 


Il 


1246 


Diſt 
241 
242 
243 
244 
245 


247 
248 
249 
250 
251 
252 
233 
254 
239 
256 
$1 
258 


243.2 


248.1 


254.1 


Lat. 


239.2 
240.2 
241.2 
242.2 


244.1 
2451 
246.1 
247.1 


249.1 
250. 1 
251.1 
252.1 
253-1 


Diſt Dep. 


\ 


Difference of Latitude and Departure for 8 Degrees. 
Bil AU La: [DepyDilt] Lat: [DepſſDill] Lat. | Dep. [Diſt]Lat: IBep. 


60.4 08. 5121 [119-3] 16:8]| 181]179;2] 25.2 233.7] 33.5 
61.4 [08.6 122 [1209-3|17.0]| 182[180,2] 25.3 239-7] 33.7 
62.4 [08.8]|x23 121.8017. 7 283}131.2] 25.5 240.6] 43.8]. 
63.4 [08.9124 122.817. 3 184]132.2] 25.6 241.6} 34.0þ 
64. 4J 09.0125 [123-8174 385]133.2] 25.8 242.6 34.1 
65.409. 2126 124.8017. 5 186 184.2] 25.9 243.6 34.2 
65.409. 3 [127 |125-3]1 7.71] 187J[18 5.2 26. 0 244-6] 34.4 
67.3109. 5128 [126.817.8188 186.2] 26.2 245.6 34.5 
68. 309.6129 12.778. 01890187. 26.3 240.6 34.7 
| 69.3199-7 130 128.7 18.7 190[188.2] 26.4 247.6 34.80 
70.3199.91]1 31 | 129-7] 18.2] 191[189.1] 26.6 248.6 34.9 
71.3 To. oi 32 130.718. 1921190. 1 26.7 249 6 35-I} 
72.30.2733 131.718. 193]191.1] 26.9 250.5} 352 
73-3]12-3,11 34 [1357 18.7]} 194|192-2} 27.0 251.5] 35. 
74.30.4135 133718. 19511 93-1] 27.1 5252.5 33.5 
753]9-6 jx 36 134.723,94. 27.3]|2561253-5 
76.3 1— 137 [1 35-7119-11} 197]195-I] 27.4 254-5 
77.2 10.9! 138 136.7 19.2 198 196.1 27.6 | 
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94-1]13-2j|155 [5 53-5121.61[215 212.9] 29.9 
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x fe. 0% 21} 61 59.911 1211118 8123.11] 181]177.7 34-5] | 241 236.6] 46.0 

2 j02.0100-4j} 62 60.9 11.8 122[119.8123.31| 182[178.6 34-7] | 2421237-5] 46.2 
3 J02-9190-bi}. 63 | 61.801. 0123120. 7J23·50[[ 183[179.6 34-9|| 2431238.5] 46.4 | 

4 3.5.8 64 | 62.81 12.21] 124121.7123-7]| 284[180.6| 35.1} | 244[239-5] 46.6 

5 4.91. 65] 63 $112.41] 1251122.7123 gf] 185]181.6] 35.3] 245|240.5] 46.7 

6 j05.9}91-11] 66 64.8112.61] 126723. 7J 24.00 186182.6 35.5 246[241.5] 47.0 

12 06.901.367 65.8 12.8 127I124.7 24.2187 183.6 35.724242. 5 47.1 

8 oz. 9%. 5 68 | 66.7113-0}} z28[125.6}24.4j} 8884.5 359124802434] 47-3 

| 9 8.81. f 69 67.7113-2]| 1291126.6124.6 189118 5.5] 36.1 249 244.4 47.5 
10 99˙801•9 70 582134 130 127.6 24.8 190}: 36.5] 26.325024 5.4] 47.7 1 
Ir j10-8jo2.1 71] 69-712 3.5}| 1311128.6{25.0 Iy1j1S7.5} 36.4||2511246.4] 47.9 I 
12 1.82.3 72 | 70-7113-71] 132[129-6[25 201920188 5 36.6]] 252[247 4| 48.1 I 
13 [12-5102-SI} 73] 71-7123 9f| 2330130-6[25.4]} 193[139.4| 36.8 253[248.3] 48.3 I 
14 13-7 02.7 74 72.6 14.1 134 131.5 25.6 19411 90.4 37-0 25412 49.3 48.5 1 
15 4.2975 73-01:4-3}| 13501 32-5[25-8]| 1951191-4| 37.225025 J 48.7 | f 
16 5.731 76] 74-6114-51| 1361133-5[25-9]| r961192.4| 37.4 256 51.3 48.8 l 
17 1:6-7193-21] 77 | 75 $114-7]} 1371134+-5126.37]] 19711934 37-91 25712525] 49-0 ; 
18 [27+7193-41]-78 | 76-6114.9]] 138}135-5}26:3}] 1980194 4 37.8 255/2532 49.2 I 
19 18.738 79 77.5015. 1 139}136.4[26.5 19911954} 38.0 259 254.2 49.4 I 
20 [19 $j2a-2}_8of_78:-5115-311 1401137-4126.7]] 2021196-3] 38.2\f 2boſz55.2þ 49.6 2 
21 120-5104-0l} gx} 79-5115-51} 1421133.4}26.9]] 20111973] 38.4285 256.2 49.3 2 
22 21.604. al 82 80. 51 56 1421139412710 2021198. 3 33.572620257˙2 50. o | 2 
23 22.6044 33 $1.5115.8 1431140-4]27+3]} 203119943 38.7 26312 58.2 50.2 2 
24 1-3-$194-0}] 84 82.56 0144/1413027. 5 20412c0.2 38.926402 59.1 50.4 2 
25 24-5 04.8 85 $3.4 16.2 1451142, 3523 7-7 205 201.2 39.1 265 260.1 50.6 2 
26 25.8 · 0 86 844/164 146[143.3]27-9]| 206[202-2| 39.3||2661261.1] 508 2 
27 126.5052 87 85. 416.6 1471144. 3K. o 20712032 39.5267] 262.1 50.9 (2 
28 [27-5195-3}} $8] $6.4116.3]] 148[145.3]28.2}} 208|204.2 39-71} 2681]263.1 | $1.1 2 
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32 31.4 06.1 92 | 90.3 17.6 I5$21149.2 eta 212 lac. 1 40.4272 267. Of 51.9 3 
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57 86.0.9 [% [114.3]22-3]] 177117371 33-3]] 2371232-6 45.2]] 2971291-5\ 56-7 37 
$8 636.911.1028 f115.3122-511 1781174-71 34-cff 238 233-0 45.4]] 298]292+5] 56.9 58 
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178 172-7143-1]1238 1230-9 
179457 3-7143-3]4239 [233-9] + 
29.0] 180 174-6 4360240 [232.9 
— — 
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_ Differgnce of Latitude and 1 Departure for 15 Deg. 


| (Lat 


510 


6e wu GU Sw HH w 


Dep} Diſt | 


00.3 
90. 5 
00 8 
o. o 
Ol. 
01.6 
91.8 
02.1 
02.5 
02 © 


— | — 


22. 206. o 
1106.7 


28.0007. 5 
29.0007. 8 


08.0) 
31.9108. 5 


33. 8009.1 
34-$109-3 


36 7109.8 


O:,8 
03.1 
93.4 
03.6 
03.9 
04.1 
04.4 
04.7 
©4+9 
05.2 


05.4 
95.7 


06.2 
06.5 


07. 
07.2 


03.3 


08.8 


09. 6 


10.1 


Lat. 


Dep 
1 5. 8 
16.0 
16.3 
16.6 
16 8 
17.1 
17.3 
17.0 
17.9 
18.1 


18.6 


Diſt 


Lat 


— — 


116.9 
117.8 
118.8 
119.8 
120.7 
121.7 
122.7 
123.6 
124.6 
125.6 


126.5 


125.534. 


128.5 
129.4 
130.4 
131.4 
132.7 
$333 
134-3 
135 2 
135.2 
137.2 
138.1 
139.1 
140.1 
141.0 
142.0 
145-0 
143-9 
144-9 
145.8 
146.8 
147.8 
148.7 
149.7 
150.7 


7151.6 


152 6 
153-6 


154-5]41-4 


135-5 


156.5 
3 157˙4 


158.4 
159.4 
160,3 
161.3 
162.3 


163.243. 
164.2 


165.2 
166.1 
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Dit] Lat. 


Dep 
46.8 8 
47.1 


47-9 
48 1 
43.4 


2 


_— 


— — 


Diſt 


241 
242 
243 
244 
245 
240 
247 
248 
2 

250 
251 
25 

253 
254 
255 
256 
257 
258 
259 
260 
261 
202 
263 
264 
265 
266 
267 
268 
269 


270 


271 
272 
273 
274 
275 
276 
277 
278 
279 


280 


281 
282 
283 
224 


28 


280 


287 


288 
289 
295 
291 
292 
293 
294 
295 
296 
297 
298 
299 


Lat. 


zoc 


Din 


Lat. 
1232 325 
e33-710 
234.7 


235.7 
236.6 


237.653. 


238.6 
39-51" 
240.5 


241.5 


242.40 


244.4 
245+3 
246.3 
247 +3 
248.2 


249.2 


250.2 
251.1j07-3 


252.1 


253.1 
254.0 
255.0 
256.0 
256.9 
372 


258.9 


259.8 
260.8 


261.8 
262.7 


[26347 


264.7 
265 6 


266. 6 


267.6 
268.5 
269.5 


270. e hat: 


271.4 
272-4 
273-4 


274-3 


275˙3 
270.2 


277.2 


278.2 
279.1 


280. 1 


— — 


281.1 


282. c 


28 3. 0 
284.675 


234.9 
285.9 
286.0 
287.8 
288.8 


Dep. 


for 75 Degrees. 


241-4105. 
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Difference of Latitude and Departure for 16 Deg. 


pitt. | Lat . bin Lat. ep wiſt Lat, |Uep. Ditt Lat. Des. Diſt Lat. 
1 O01. [Oo. 3 61 58.6]16.5|} 121[116.3] 333 1811174.0] 49.9 2410231. 
2 |o1.9}o0-6|| 62 59.617.100 122[117:3] 33-0] | 1821174-9] 50.2 24202 32.6 
3 [oz. 9 loo · 8 63] 60.6|17.4|| 123}118.2] 33-9] | 1831175-9] $0.41] 24312336 
4 oz. 810] 64 61.5]17.6] p124[119.2] 34-2]| 1844176.8] 50.7 244234. 5 
5 [og ·8 014/65 62-5]17.9]| 125}120.1] 34-4|| 185]477-8] 51.8[245/235.ĩ5 
6 jog-$]01-7]] 66 63.4[18.2|| 126]121.1] 34-7]| 186 178.8] 51.3}| 24612 36.4 
7 06.71.91] 67 | 64.4|18.5||127[122.1] 35.0[| 1871179 7] 51-511 247 237-4 
$ lo07.7]o2.2|| 68] 65.4|18.7]| 128]123.0] 35.3]| 188]180.7] 51.8}] 24$]238.4 
9 jo$.7]92-5]| 69 66.3]19.0]| 129]124.0 35-61} 189 181.7 5$2.1]| 24912 39.3 
10 [og 6ſ02-31| 70 | 67:30 19-3) | 13<1224-9] 35-81} 290013251 52-at} 2500240:3 
11 10. 6003.00 71] 65.2]19.6|| 131}125.9} 36.1]] 1911183-bſ 52.6||251]241.2 
12 11.503.300 72 | 69.2[19.8|| 1321126 9 36 4|| 192[184-5] 52.9]| 2521242.2 
13 12.53.60 73 79-2[20.1]| 133]127-3] 36.7193 185.5} 5322520 243˙·2 
14 [13-5193-9]| 74| 71-1]20.4|| 1341128.8} 36.9193 186.5] 53.5}| 25412441 
15 14.4004. 0 75 | 721]20.7]|1351:29-8] 37.2]] 1951 187-4] 5$3-7]| 2552451 
16 [15.4}04-4\| 76] 73-0]29-9]|136[13--7] 37-5]| 196[158.4] 54-0} 25612.46.0 
17 16. 3004.7 77 | 74-0[21-2||137[131.7] 37-S|| 1971 159-3]. 54-3]] 2571247-c 
18 17. 3J0o5. 0 78] 75-0[21.5]| 1381132.6] 38.of] 1981190-3] 54-6[{ 25>1248.0 
19 18.300520 79 75-91-48] | 139] 133-0] 35-31] 1951191-3] 54.51} 25cf248.9 
eee 
21 (20.2005. 80 81 77.922.300 141/1355 39-9]| 20411932] 55-4[} 261}250.9 
22 21.106. 1 82 | 78.80 22.6 142[136-5] 39.1]] 2021194-1] 55.71} 262[251.8 
23 22˙1 06.3 83] 79-3]22.9]| 143] 137-4] 39-41] 20311951] 55˙9 263 252.5 
24 [23-1106.6]| 84 80.7]23.1]| 144 133.4] 39 7204196. 56 22642 53.7 
25 [24-0 06.9]| 85 | 81.7]23.4|| 145|[1394] 49.0] 205[197.0] 56.5 26512547 
26 [25.007.286 82.7}23.7]| 146 14% 40.2 2060198. 56.826625 57 
27 [26.0107.4|| 87 $3-6[24.0] | 147}141.3] 40. 2071 199-0] 57.0 2671256. 6 
28 26.90%. 788 84.624.310 148]142.2] 40.8] 208199. 57.3 2680257. 
29 2798.00 89 85.5240 149} 143 2| 41.720929. 57.626902 58 5 
E. ee 
31 29.8008. 5 91 87.5]25-1]| 151]145-1] 41.60[2110202.8 58.227260. 53 
32 30.8J[08.[ 92 38.412 5-4|| 152[146.1] 41.9212 203.8] 58.40 2721251.4 
33 31.7J09. 1093 89.4125 60153147. 1] 42.2 [2132047] 58.7 273262. 4 
34 32.709.494 99-3125-9]| 154 148.0] 42.4|| 214ʃ205.7J 59˙ 0 2741263-3 
35 33· 609.0 95 91.3 26.2415 501490 42+-7]|215 206.6] 59-31] 2754264.3 
36 34.6099 96 92.3]26.5|| 1561149.9] 43-0] 2161207-6] 59-51} 2761265.3 
37 [35-6]10.2]| g7 | 93-2126-7}| 155] 150.9] 4330217208. 59.81} 2771266.2 
38 36.510.598 | 94-2[27-0]\158|151.9] 43502180209. 5 60-111 2781267.2 
39 [37-5]19-7]| 9g | 95-2127+3| 159f152-%] 43-5]] 2191}210-5 60 4\| 279] 268.2 
4% [38.4[11.0||100| 96.1127.6|] 160[153 8} 44-11] 22021754 60.6{] 280269.1 
41 [39-4]11.3||101| 97-1127-8|] 16111547 44.4\| 22102 12.40 60.9 2811270. 
42 40. 411.6102 98.0028. 162|155.7] 44.6 222213˙4/ 61.2 28212710 
43 41.3119/(TT03 99.0128.4\| 163[156.7] 44-91] 223214, 3] 61.5 283272. o 
44 42.3012. 1 104 [100.0]28.7]| 164]157.6] 45.2]| 224[215-3] 61.7 284/273. 
45 43.3012. 4/105 [100.9]28.9] | 165 158.6} 45.5||225]216.3] 62.0028 5]273.9 
46 442 12.7 106 101.929.200 16601 59.5 45.7}| 22602172 62.3 28602749 
47 45˙ 2013.007102. 829.5167760. 5 46.0 227 213.2] 62.6 287]275.8 
48 46.113. 2108 [103.829.8168 0161.5 46.3 228219. 62.81| 288[276.8 
49 47· 113.5109 104.8030. 00169 162.4] 46.60 229 220.1] 63.289278 
50 48.1 13.8 11011057 39-3 I70 16349 45.9 230 221.1 63-4 290 273.7 
51 49.14.1077 [106.7130.6||171]164.4] 47.1]| 2311222-0] 63.71} 2911279-7 
52 [50-0[14.3]|112 [107-6] 30.9] |172]165.3] 47-4]| 2321223-9 63.9292 280.6 
53 [59-9114.6||113 108 6|31,1} |1731166.3] 47-7]] 233]223-9 64.21] 293|2831.6 
54 [51-91 14-9|j314[109.6|31.94] | 174] 167-2] 48.00 23412249 64.51] 294]282.6 
55 [52-9] 15-2|\r15 [110.5] 31.7] | 175] 168-2 48.21} 2351225-9]. 64-3{] 295]283-5 
56 [53-3$]15.4||116[111.5|32.0| | 276]16g9-2] 48.5|} 2361226.8] 65029602845 
57 154-8] :5.7]|r19 [112.5] 32.2] | 19711701] 48.8] 23712275] 65.3]] 292]235-5 
58 [55+7[16.0|[11$ [123-4 32.5] | 178]171.2] 49.1]| 238]225-7] 65.6298 286.4 
59 [55-7116.3]|r19 [114.4[32.8|| 179] 172.0} 49-3]| 239]229-7] 65-91] 299}2$7-4 
bo [7:7] 16.5]|120f115-30 33-1 180[173-0] 49-61] 240[230-7 66.1) * 288.3 
Dilt. | Dep[Lat. DittfDep.| Lar' Diit|Dep.| Lat |[Ditt] Dep.] Lat]{Viſtt Dep 
5 : 85 for 74 Deg. 


| Difference of Latitude and ISL for 17 Deg. 


Lat. 


* 
— 


— 


Lat. 


$8.3 
$9+3 
60. 2 
61. 2 
62.2 
63.1 
64.1 
65. 
66.0 
_66.9 
67.9 
688 
69.8 
70.8 
71.7 
72.7 
73-6, 
74-6 
75˙5 


28.5 


775 
78. 4 
79-4 
$0,3 
$1.3 
$2.2 
83.2 
84.1 
85.1 
86.1 
870 
88.0 


23.9 


89.9 
90. 8 
91.8 
92.8 
93.7 
94.7 


22.5 


Dey 
17. 17.8121 
18.1 
18.4 
18.7 
19-0; 
19. 3 
19.6 
19. 9, 
20.2 
20. 20.5 
20. 20.3131 
21,0, 
21.3 
21.6, 
21.9 
22.2; 


22.8 
23.1 
23.4 


23-7 7 
24.0 
24.3' 
24-6} 
24+ $: 
25.1 
25-4, 
25 7 
26.0 
26.3 


26.9 
27-2 


27-5j/x 


* 
28.1 


Diſt 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


1 


28 4 


95-6129 2 


95.6 
97-5 
98.5 
99˙4 
100.4 
101.4 
102.3 
103-3 
104.2 


105-2 


106.1 
107.1 
108.1 
109.0 
I10.0 
130.9 


111.9 


112.8 
113. N 
114.7 


Dep. 


31. 0. 166 
31.6168 


126.2 


[147.3 


172.1 


Lat. 


115.7 
116.7 
117.613 
118.6 


119.5 


120.5; 


121.4 
122.4 
123.4 
124.3 
125. 3 


127.2 
(28.1 
129.1 
130.0 
131.0 
132.0 


132.9 


134.8 
135.8 
136.7 
137+7 
138.7 


139.614 


140.6 
I41.5 
09-5 


196.3 


148.2 
149.2 
I5C.1 
151.1 
152 0 
153. 0 
154. 0 
I 54-9} 


155.9]. 


156.8 
I57.8 
158.7 


159-7] 


160.6 


1161.6] 
162. 162.6 


163.5 
164.5 
165.4 
166.4 
167.3 
168.3 
169.3 
170.2 
171.2 


. 


252 


81185 


7 4189 


7206 


2225 


' 234 
1235 


|238 


Dit 


[131 
182 
| 183 
| 184 
18 5 


187 
188 


190 


197 
192 
193 
194 
195 
196 
197 
198 
199 
200 


201 
202 
203 
204 
205 


207 
208 
209 
210 


211 
212 
213 
214 
215 
216 
217 
21802. 
219 
220 


221 
222 


224 


226 
227 
228 
229 
230 
231 
232 
233 


236 
237 


239 
240 


223 


Lat. 


173-1 
174 © 
175,0 


[175-9 


176.9 
177.9 
178 8 
179.8 
180.7 
181.7 


Dep. big 


$2.9 
532 
53˙5 
53.8 


241 


243 
244 
245 
246 
247 
248 
1249 
250 


182.6 
183.6 
134.0 
18 5. 5 
186.5 
187.4 
188.4 
189.3 
190.3 


191.2 


192.2 
193-2 
194.1 


195.1 
196.0 


197.0 


197.9 
198.9 
199.9 
200.8 


251 
252 
253 
IS 
255 
256 
257 
1258 


242]; 


— — — 


Diſt 


Dep. 


Tar. Lat. 
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86.4 


| $6.7 


$7.0 
87.3 
_87.6 6 


BI Lat Depjpi 
122 

2 

3 

4 

. 

6 

7 
18 
35 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 . 

22 |j21.0J06.4j| 82 
23 22,0 06.7 83 

24 22.9 07. o 34 

25 1-3-9197+3j] 85 

26 24.907. 6 86 

27 25.8 07.9 87 

28 26.808. 2 88 

29 27.7 os. 5 89 

30 28.7 08.8| 90 

31 29.6 09.1 91 

32 30.609. 4 92 

33 31.609. 6 93 

34 32·5[99:9 [ 94 

35 33-4110.2 95 

36 134-4110.5}] 96 

37 135-4 10.897 

38 3 11.1 98 

39 37+3' 11.4 99 

40 38. 112100 
141 19.2I12.0 101 

42 [40.212.302 
143 41.7 12. 6 103 
144 72.112.904 

45 43 13.2 [105 
146 [44-©]13-4ſjr06 
147 1913.7 (107 
j- 48 4+5-9] 74-04 108 
i 49 146.9 T4.3 109 
{ 50 147-3]14-6\|r:o 
4 51 48.8 14-9411 
52 149-7 152 112 

$3 459-7]15-S$}113 
| 54 51.6 1 f. 8 114 

55 52.616.115 

56 [53.516.416 

57 4.507167 [17 
158 [55-5]27-0j[r18 
159 56.417.219 

60 [57-4 17-51}120 
pic [Dep] Car. Dill 


for 73 Deg. 


a 
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Difference of Latitude and Departure for 18 Deg. 


| 


on 
7 


OS Keen == 


Lat Depſ Pitt] Lat [DepDi#t] Lat. DepſDiſtſ Lat. Dep. Ditt{ Lar. 


01. 0 Oo. 3 61 | 58.0]18.8 [121 [115.1 181]172-1] $5.91 241[229.2 
o 9 oo. 6 62] 59.019.2122 [116.0 1820173: 1] 56.2 24202 30.1 
02.9.9 63] 59.995023 [117.0 1831174 of 56.5 2430231. 
03.81.20 64] 60.9|19.8[124 [117.9 1840175. 0 56.9] 244[232.0 
04.801.565 61.8[20.1\[z25 118.938.6718 0175.9 57.2 2451233. 0 


05.7 9] 66 62.8 20.40126 119.8 186176.9 57.5]|2461233-9 
06.7 [or. 2 67 53.72%, 12120. 8039.2 187[177.8] 57.8 2412349 
07. 62.5 68] 64.7[21.0 [128 121.739. x881178.8 58.1 2480235˙8 
08.602. 80 6g] 65.621.329 [122-7[39-9\] 189779.7J 58.4 2491236.8 
09. 503. 1 70 | 66.621. 6 130 123.640. 2 190 180.7 58.7] 250 237.8 


10,503.40 71 67.521.931 124.645 197 187.6] 59.0 251/238.) 
11.403.772 68.522.232 125.540. 8 1920182. 6 59.3] 25212 39-7 


12.4 04.0 73 69.4 22.6 133 126.5 . 193 183.5 59.6 253 240.5 


13.3143 74] 70.422. 9 134 127. 4 f 194 184.5 59.9 254 241.6 14 
14.304.600 75 71.3232 135 128.404 1.7 19 5 185.4 60.3 2550242. 5 F 
15. 204.9 76 7230235136 [129.3 1961864 60.602 560243.5 4 


16.205. 3 77 | 73-2[23+-8 137 130.342.3197 187.3] 60. 9 25712444 
17.105 78] 74-2124-1 138 [131.2042 6 198 188.3] 61.2 2581245˙4 


20.9 06.8 [ 82 78.025. 3142 [135.043.9202 192.1 
21.9%. 0 $3] 78.9256 143 [136.0 317931 
22.8%. 4 84 79.9 26.0144 136.944. 5% 204 194.0 
23.807.785 80.826.345 [137.9]44-8. 5195.0 
24.7 [08.0 86 81.826.646 138.8045. 12061959 


18.1105 9 79 75-1[24-4 [139 (132.243 0 199 0189.2 15 
19.000. 2] 80 76.724.740 (133-1143: | 209] 199-2| 5 9 
2: 20. o[o6. 5 8r | 77.025. o 141 134.1 2011191.2 | ; N 


25.708.387 82.726.914 [139.8 207196.9 
26.6 o8. 88 83.7272 148 140.7 197.8 
27.6109.0| 8g | $4-6127.5|149 [141.7 198.8 


28.5199-3] go] 85.622.815 [142-7[46-4'] ,10 199-7] 04-9 


31 29.509. 0% 91 | 86.5]128.1 [153 [143.6146-7 


200.7 
30.4 409.9 ] 92 87 5 28.4 1521446047 · 201.6 
31-4110.-2]| 93 | $8.4[28.7;1152 [145-5]47-3, : 202. 6 
32.310. 5 94 89.429 0154/1465 47-6 203.5 
90.3129-4]155[147-4[47-9] 2151294+5 
91.3 29.7 1556 148.4048. 2 205. 4 
92.230.057 [149-3 48.5 7206.4 
93.2030.3158 8150. 348.8, 207.3 
941 30.6 159151.249•1 208.3 


38.0012.4 284260152 2149-4 209.2 

39.0]12.7 96.1 31.2161 153.149.7121. 2 

39.913. 0 970031. 50762 154.750. 1, 211.1 

40.9 13.3 98.031. 80/163 155. 0050.4 3212.1 N 
41.813. 6 98.9 32.1 164156. 050.7 213.0 

42.8[13.9 99-9 32.4 165 156.951.022 214-0 5 
44.774. 5 101.8331167 [158.8 $1.6 227|215-9 N 
45.614.8 102.7133-4'[168|159-8]5$1. 9 2280216.8 Ha 
40.6[ts.1 103-7133-7 [16g [160.7] 52-2] 2290217. 8 1 


104.634. o 170 [161.7152.5 218.7 
105.61 34-3,|171 162.6 52.8 21947 
10b. 534.672 [163.6 53˙ 1; 2220.6 
107.5034 91173 [184-5[53-5[2331231-6Þ 
j108.4}35-2;[274 [165.5 53-8} 222.5 
109.4{35-5j/175 [166.4 54-1 23512235 
110.335.876 [197.4]54-4| 2361224.4| 
111.336.2177 [168.3] 54-7, 225.4} 


95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
43.714. 2 [106 [100.832.8166 157.951.310 226[214-9 
107 
108 
109 
110 
111 
112 
117 
[14 
115 
116 
117 
118 
119 


| 113.236.8179 170.245 5.3 1227-3] ; 
57.1018. 5 124.1032180 [171-2}55-6þ 2400228.2 N 1 


Lat. [Ditt Dep.] I. 
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Difference of Latitude and Departure for 19 Degrees. 


Britt. Lat. ep. Diitſ Lat. Depf Diſtſ Lat. Dep; ]Ditt] Lat. Dep. Piu Lat.|Dep ; 
—.— — . — — — — I ſ———— 
x 00. 9.30 61] 57.9119 9] 1211114 3j39.4/[131[171.1 $8.91] 2410227 9 — 
2 01.9 09.7] 62 58.6120.2] 1221115.3139.7||182[172.1] 59.3 242[228.8 1 
3 oa. Sor. 0] 63 59.620. 5 r23]116.3]40.0|[183|173.0] 59 0 24312297179. 3 
4 3 8 913 64 60. 5 20. 8 1241117. 2440.4 84 174.0] 59.9 2441239-7179. 3. 
5 94.7121 6 6g 61.5 21.2] 125 118.2 40.7 18 5 174.9 60.2 2451231.7 | 4 
Is [-5-7j02-off 66 62.41.50 1265119-1141.0jj186[175.9] 60.6 246|232.6 1 
7 6.6 O2. 3 67 63.302180 127120, 141.4187 [176.8] 60.9 2475[233-5 16 
8 [oz. [02 6 63] 64.3221] 128]121.0[41.7| 188 [177.7 61.20 248234. 508 17 
9 los. 502. 9 69} 65.2 22.5] 129]122.0142.0; [19g [178.7] 61.5], 2492354 = 
Je [og-5103-3|_70| 66 2022.8 130 122.9 42.319 [179.6 61.9 2500236. 4 9 
11 10. 4003.6 71] 67.1[23-»] 1311223-9142.7 9180.6 62.2 251237 . 
12 11.303. 9 72J 68.1234 1132 124.8 43.0 192 181.5 62.5 | 2521238.3 11 


13 12.3004. 2 73 | 69.02 3-8 133125743393 182.5 62.80 253]239.2 
14 13.204. 6 74 70. 0024.10 134|126.7 43-6/ 194 |[133.4| 63.20 254| 240.1 
15 [14-2104-9}} 75 | 70,9[24-4] 1351127-6144.0 [195 [184.4] 63.5} 255]2411 
x6 [15.105.276 71.9247] 136128.644.3 19618 5.30 63.80 256242.08 
17 16.1005. 5 77 72.8125-7 '1371129.5 44-6 197{186.3] 64.1]| 257{243.0 
18 17. oſo s. 9 78] 73.7125 41; 138 130-5144-9, 198 187.2 64.5||258[243.9]2 
1 19 18.006.279 74-7125-7]; 239] 131-4[45-3' [199 [188.1] 64.8]|259|244.9 
| | 20 18.906. 5 80 75.6 26.0 140[132-4[45.6, [200 189.1] 68.10 2601 245.8 


21 29-9 06.8 $1] 76.6 26.4\| 14111333 45-9, 1[2011:90.0] 65.40 261 246.8 
« | 22 [20.8[07.2]} 82| 77.5 26.7 142]134-3 46.2, 202 [191.0] 65.8]| 262|247.7 
8 23 21.70. 5 83] 78.527. 143J1352 46.6 203 191.9 65.0 2630248.78 
24 22.70. 8] 84] 79.4[27-4]| 24411 36.1 46.9 204 192.9 66.4 264249. 6 
25 23-608. 85 80.4[27-71| 145]137-1147-2/{205[193-8] 6672650280. 5 
26 24.608. 5 85] 81.3028. 01461 38.047.5 206 194.8] 67 10266251. 5 
27 [2508.8 87 82.302830 147]139-c[47-9 207 [195.7] 57.426702 52.4 
28 (26, 509. 1 83] 83.2 28.7 148]139.9 48.2 208 196.7] 67.7 268[253.4 
29 27.4] 4] 39] 84.1129-0\ 149]140-9[48.5| 209 [197.6] 63.1! 2692543 
30 j23.4109.8]| go} 85.129. 150 141.8 43.8| 210|198.5| 68.4270 255.318 


31 29.3010. 1 91} 560.0129 6\| 151]142.8]49.2| 211] 199.5 68.7 2711256.2 
32 30. 3010.4 92] 7.030. 0 I521143.7149.5| 212 [200.4] 69.0 2720257. 208 
33 31.2010. 93 893%˙ 30 253]144-7149-8| 213 201.4] 69.4 273[258.1 
34 32.1071. 94 88.9 30.6 154145. 650.1 214202. 3] 69.7 2740/2 59.1 
35 331011. 9s | 8. 8039155746. 550.50 215203. 30 70. of 275260. o 
36 34 011, 96 90. 8031.30 156147. 5 5%½8 216204. 2 70. 3 276260. 9 
37 [35.12 97 | 91.737. 1571 145.4[51.1| 217 [205.2] 70.7 2770261. 
33 38-9012. 93 |. 92.7319 158]149.4[51.4\218[20b.1] 71.8 2780262.8 
39 [36-9|12-7]} 99 93.6132-31] 159} 50-3157.5| 219[207.1] 71.3 279|262.8 
| 40 [37-$|13-of}300| 94.5132" 1601151-3152-1| 220 208.0| 71.6\|280|264.7 


41 [38.813.301 955032916 [152 252.4 221 [208.9] 72.0 281|265.7 
42 29.713.702 96.4|33-21| 1621153-2[52.7| 222 [209.9 266.6 
43 40.24. 03 97-4[33-5}f 163] 54-1[53-1] 223[210.8 267.6 
44 141-6] 14. 31/104 |. 98.31 33-91} 164[155.1153-4||224[211.8 268.5 
45 (42.514.705 99.31 34-21] 165}156.0[53.7 (2252127 269-5 
45 (43.5015. 0106100. 234.50 165[156.9] 54.0} 22612137 270.4 
47 4.475.310 [101.21 34-3] 169[157.9] 54.4] 227 [214.6 271.3 
48 45 475.6008 102, 1035˙2 168158852. 2281215.6 


2723 
42 40.316. 010g 103. 135: 5 169} 159.8]55.0] 229216. 5 274-2 
5o [47:3115-311101104-0[3<:5] 1701160.7155-4) 230 [217-5] - 274-2]944 


[| 5: [43.2[46.6]121 [204.9135-1| 1711161.7]55.7] [231 [218.4 


275-1 

52 (49,2[26,9\112 ſ105.9136+5]] 172[162.6|56.0||232 219.3 276.1 
$3 50. 117.3 13 [106.8] 36-8]| 173016 3.656. 3 233 229.3 277.0 
54 1.17.6 14 [107.81 37-2 174 164.5156.7|;234 [221.2 278.0 
55 2 17.9 [115108.71 37-4] 175|165-51 57-0} j235[222.2 278-9 
135 [52-< [18.2 j116[109.7137-3]} 196|166.4]57.3][236[223.1 279-9 
$7 J53. 18.6 (1171156 38.1 167.3157-6 237 224.7 280.8 


177 
178 168.3500238 [225 · o 


58 51.8018. [115 [127.6138-4 281.7 


59 5.89.2 112.538.711 9Þ169.2158-311239 [226.0 282.7 
F 22 
Diff [Peoſfat.] Diſt Dev. [Lat |: t Dep. Lat. BI Dep. Dep. 
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Difference of Latitude and Departure for 20 Degrees. 
Tat.] Den Diitſ Lat. Dep. Dit] Lat. |Dep| Dit Lat. [Dep. f|Ditt] Lat. Dep. > 


00.9 oO. 30] 61] 57-3]20.9] | 121]113.7]41-4|| 18170. 1] 61.9 241/226. 5 82.4 
01.9]00.7]| 62 | 58.321.200 122 114.64 7.718217 0 52.2 24212274 82.8 
o2.8 Jol. 63 $9-2[21.5]|123 115:6042 10153172. 0 62.6 243228, 3 83.1 
03.301. 4 64 60. 1021.9 124116.5¼ 4|| 184[172.9] 62.9 244[229:3] 83.4 
04-7191-71| 65 | 61.1]22.2}|125|117.5]42-5|} 1851173.8} 63.30 245/230. 83.8 
05. 602. 10 66 | 62.0[22.6]| 126|118.4]43-31j} 136 174.8] 63.6'] 246[231.2} 84.1 
ob. 602.4 67 | 63.0[22.9| | 127|119 3]43-4||185]175-7] 64.0!| 247]232.1] 84.5 
07.5192.7]| 68 | 63.9[23+-3]| 128|120.3]43-3] | 188[ 176.7 64.3 248233. 0 84.8 
08. 503,0 69 64.8|23-6|| 129] 124-2441] | 189 177.6 64.6/ 2490234 of 85.2 
99-4123:4|_70 |_65:8]3:9] | 13 1122+21 44:5} | 1901 178-5] 65:9, | 2 £01254-91_B5:5 
10.3]93-8 71 | 66.724.310 131[123-1 44+t|| 1911179-5] 65.3 [2511235.9] 85.8 
11.304. 10 72 | 67.7124.6]| 132[124-0145-1]| 192 180.4] 65.7; |2521236.3] 86.2 
12.2 04.4 73 | 68.6]25:0| | 133]125-0145-5|[193 254m, 66.0}|253]237.7] 36.5 
13.2 [04.8] 24 | 69.5253 | 1341125-9]45-d|| 194 182.3 56.3 254}238.7] 85.9 
14.1005. 100 75 70.5]25-7]| 1351 126.9]146-2|| 195 183.2] 66.7i|255|279.6] $7.2 
15.0 [05.50 76| 71.4j26-0 | 136|127-8]46.5]] 196]184.2| 67.0i|256[240.6] 87.6 
16.0 05.8 77 72.426.300 137J/128. 746.9197185. 67.4] |2571241-5] 87.9 
16.9 06.20] 78 73.3126-7] | 138|129-7[47-2|| 198]156 1] 67.7 [2580242.4J 88.2 
17.9 [ob. 5[ 29 | 74.227 <|| 139] 30-6[47-5|| 199|37-0] 68.12 59/2434] $8.6 
18.8]06.3]] 80 75.2j127.4]| 14c[131-6 47-9|| 200 187.5 68.4 260]244-3 88.9]. 
19.70%. 81| 76.1127.7] | 141{132-5[48-2|| 201]138.9] 68:7}|263]245.3} 89.3 
20.707. 5 82 | 77.1128.0] | 142|133-4]43-6|| 202[139-8] 69.1;|2621:46.2] 89.6 
23 [21.6197-9]]. 83 | 78.0 a. 143|134-4[48.9|| 203] 190.3] 69.4||2631247-1] 89 9 | 
7 
9.1 


l 
= \ => 
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aI 
it 


2 
22.6 [08.210 84 78.928. 
3 


34 31.911.606 gg 32.1}| 154|144+7]52+7] | 2141201-1] 73-2] | 27412575] 93.7 
35 132-9 I2.0}] 95 $9.3 32.5]| 1551145-7153-0] |2151202-0] 73-511275 258.4 94.1 
36 78 _ 96 | 90.2 ny 156 . _ ps ur 70% 
37 13+ . 7 1.2]33-21]j 1571147. 7112 . . 
38 35.713. 38 gp 33+5 130 148.5154. 0 . 9 74.6278 261.2] 95% 
36.613.300 99 93.0339 159]49-4] 54-4] |219]205-3] 74-9] [279 [262.2 9 554 
37-6]13-7 100 | 94-01 34-2]| 16011 50-4[54-7] | 220 206.7 22 280 263.1 95,8 
38.514. 00101 94.9} 34-5] | 163]£51.31 55-2] [22142077] 756123112641] 96.2 
42 39.5 14.4 102 | 95-3] 34.9]} 162|£ 52-2] 55-4] | 22212056] 75.9 | 282]265.0} 96.4 
43 40.414.710; | 96.8[35.2]| 163]* 53-2[55-7] |223[209-6] "76.3]|2$3]265.9] 96.8 
44 41.3015 0 104 97-71 35.6] | 164|1 54-1] 56-1] | 224[210-5]. 76.6] | 284[266.9] 97.1 
46 43.2715 7][ro6| 99.6 36.316611 56.0 56.8]|2261212,4] 97-3] |2$6]268.8] 97.8 
47 44+2 16. 1 107 100. 5 36.6 167 156.9 $71 227 21 33 77-6 287 269.7 98.2 N 
48 45.1 16.4108 [101.5] 36.9] | 168 57-9 $7-5|\ 228121443 78.0 2881270.6] 98.5 
| 49 [46,0[16.8 109 |102-4|37-3}| 16g9]1583.8 57-8} 2291215. 78.3 271.6} 93.8 
50 147-0]17-I[110[103-4[37- | 17011597 58.1, | 

$1 147-9117 4\| 111 [104.3] 38.0 17101 60. 758.2312171] 79.of| 29112735 
52 [48.9 17.80[112 [105.238.3172 61. 658.8232 [218.0] 79.3] |2921274-4| 99-9 
53 49.818.200 113 106.238.6173 162.6 59.2 [2331219.0J 79.7] | 293127 $-3] 100. 2 
eee Beal j2agerhalaes 

. *$\[2151108.1139,3]| 1 4. 2354220 

| 36 þ52.6 19.2 14s 109.0 39.7 278 165.460.2236 221.8 30-7] {296|278-2| 101.1 
57 [53-6119+5||r3+4199.9]40-0]| 177] £66.3]60.5||237]222.7] $1.1] |2971=79-11101.6J , 
58 [54.5119.8 r11$h110.9]40-4]| 178]£67-3]60-9]|238]223.6} $1.4] | 298 280. o 
55˙4J20.2 119 111.840.7798. 6 12 239[224-6] 81.729928 1. 
4-2 [112.8J47. J 180]169.1161.6]| 240[225.5] $2.1 
555i 


24 144135. 349.20 20419 1.7 69.8{|264j248.1] 90.3 

25 23.508 6 85 74.9{29-3]| 145] 36 349% 2051926 70.1 265249. 0 90.6 

26 24.4 08.9] 86 80. 829.4146137. 2149.9 206193. 70.526002 50,0 91.0 

27 25.409,20 87 | 81.829.814 138.150,30 20)194.50 7,8026225. 91.3 5 

28 [26.3 09.6] 88 82.730. 1148139. 150.60 208]195.5] 71.1 2680251.8 91.7 ; 1 
29 [27.3099 89 83.630. 4149140. 0051. 002091964 71.51} 269 252˙8 92. o 1 1 
E. Fee 12748 
31 29.110.660 gs ] 85.5[31-1]| 1510141-9]51-6j{2211 198.3 72.2 bet: 254-7] 92.7 2538 
32 30. 110.9 [ 92 86.531. 152[142-352-0||2121199-2] 72.5] [272j2 55-6] 93-0 1 
33 31.0110 93 87.4|;1-8]| 1531143-8[52-3]|2331200-2} 72.5; 12731256.5] 93:4 148 


2761259-4] 94-4} 
2771260.3] 94.7 


Dep Lat. Diſtſ Dep. Lat Dit Dep.] Lat||Diſi}Dep. Tat. 
: 2 for 70 Degrees. 
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Difference of Latitude and Departure for 21 Deg. 


For 69 Deg. 


.FDep]|Dift] Lat. Depſpiſſſ Lat. er Lat. Dep.] Diſt] Lat. Dep. 
00. 4451 56.921.911 113 43.4777 169 of 64.9241 225.00 $6.4 
00.20 624 57.922.222 113.9 43.7/[182 [169.9 65.2242 [225.9] 86.7 
91.1 63 58.8}22.6 123] 114.9] 44.1083 [170.9] 65.60 243 [226.9 87.1 
21.41 64] 59-7122-9]124 | 115.8] 44.4784 171.8] 65.9]|244 [227.8 874 
21.8 65 60.7 23.3 125 116.7] 44.80/85 [172.7] 66.3245 [228.7 $7.8 
0702-21! 66 | 61.6[23.7]r26| 117.7 45 211186 [173.7] 66.7246 229.7 88.2 
02-51} 67 | 62.5[24-0 127| 118.6 45.5087 [174 6 65.0024) [230.6 88.5 
02-91} 68 63-5[24-4[128| 119.5] 45.9|[183 175-5] 67.4248 [231.5] 88.9 
03-21] 69 04-4[24-7 129 720.5] 46.289 [176.5] 67.7249 232.5] 89.2 
03.6] 70 58312 130 121.4 46.6 190 [177.4] 68.1 250 [233-4] 89.6 
03.971] 66.3 25.4737 122.3] 47.0091 [198.5 68.5025 [234-3] g2.0 
04.30 72| 67.2025.8 13212330 473/192 [179.3] 68.8002 52 [235.3 90. 3 
04.6 73 | 68-1]26.2 133 124-2] 477/93 [180..| 69.2 253236 2] 90.) 
05.0 74 69.20/26 5 134125. 1 48.094 781.10 69.5 254 $237-21] 91.0 
05.4 75] 70.0126.9 135| 126.1] 48 4/95 [182.10 69 9 255 238.1] 91.4 
19571] 76 70,927. 2J136 127.0 48.7196 183.0 70.2 256 239.0 91.9 
06.1 771 71.9276 137 127-9] 49.100797 [183.9] 70 6 257 [239-9] 92.1 
26.51] 78] 72.828. o 138 128.9] 49.598184. 71.0258 240.9 92.5 
06.8 79] 73-7123 30139] 129.3] 49.3||199 [185.8 71.3/;259 [241.2] 92.8 
EYE 230.7] _502{[200 [136.7] 71.71/2b0 [242-7] 95.2 
607. 5[[ 77 75.6 29.47 131.7] 50.5% 0118.6 72 261 [243.7 93.5 
07.9 82] 76.5294 142 132.6] 50 9/[ 202 [188.6 72.4262 1244.6] 93.9 
98.2 83] 77-5129-7]r43| 133-5] 51.3203 1189.5 72.5263 [245-5] 94.2 
o8.6 841 78.4{30.1 144| 134-5} 51.6204 [190.4] 731 {304 246.5] 94.6 
_ 85 79:313%-S1145| 235-4] 52-0 {205 [191.4] 73.5265 [247.4 95-0 
09-3] 86] 89.33.8048 138. 3 52.3][206 [192.3] 73.800265 [248.3] 95.3 
99.787 $1-2[31.2 147| 737-3] $2-7)1207 193.2 74.2267 [249.3] 95.7 
10.0j| 881 82.1[31.5 148 138.2] 5300208 [194 2] 74.5268 250.2] 96.1 
10.489 $3-1137-9 149 239-1] 53-4/[205 [195 1] 74.9269 251.10 96.4 
19.31} gof $4-0]32-3 150 140.1] 53.8 won 196.c| 75.3 1270 [252.1] 96.8 
11.1 917 84.932.657 242.0} 54.1011 197 c| 75.6 275 253-0] 97.1 
11-511 92 $5-9133-0 I52| 141.9} $4-S[1212 [197.94 76.0272 [253.9] 97.5 
11.8 931 $6.8133-3 153] 142-9] 54.8||213 198.8 76.311273 [254.9] 97.8 
12-21} 0:4 $7.7133-7 154 143-8] 5$5.2/[214 [199.8] 76.7274 255.8] 98.2 
12-51] g95| 88.734755 144-7] $5-6|[215 [200.7 77-1 275 256 7] 98. 
12-97] 96] 89.634456 145-7] 55-9/[216 201.60 77.3276 257-7] 98.9 
G 73-30 971995034 [157 146.6 56.3 2 202.6 77.8||277 [253.0] 99.3 
. 9 98 | 97-5135-11158| 147.5} 56.618 [203 5| 78.1078 [. 59.5 99.6 
+41 14-Of} 99 f 92-4135: S[159j 148.5] 57.0) [219 204.4] 78.0279 260.5] 100. 
31-4:3}[z00 | _93:44352160| 149-4]_57-3} 1229 [205.4] 78.8/12804261.4] 100.4 
3114.770194. 3036.2 161 | 250.3} 57-7}(214206.3] 79.2028 1262. 30100. 
1 5. 1102 95·30 35,6762 151.3] 58.122 [202.20 79.6282 [263.3101 
154/703 | 99:2 36.9 163 152.2] 58.4223 [208.2 79.9283 [264.2 101. 
115 8/704] 974J37.3J163 253.1] 58.8224 209.1] 80.328426 5.10101. 
16.1 105 98-1137-6[265| 154.1] 59.1225 [210.0 80.6285 [266.1[ 102.1 
16.5 106 | 99-0 38 1165 155-0] 59.5226 [211.00 81. 00286267. 0102. 
16.8 107 | 99-9 38.3 167] 155.9 5$9.9}1227 [211.9] $1.4||287 267.91102.9 
$17-2111081200-9]38-7]168| 156.5] 50.2228 |212.8 81.7288 [268.9|104.3 
17.6 109 101.839.1169 257.3] 60.6{|229 213.8] 82.1289 [269.8] 104.6 
22} [r10 [122-7139:4[170| 258.7] 60.9230 [214.7] 82.4090 270.71103, 
'8.3}|11x [103-7139 80777 159-7] 61.3}1231 [215.6] 82.8 2912777104. 
48.5 wy 112104. 6040. 172 160.6 61. 322 216.6] 83.1292 [272,61 104.7 
19.0 [113 [105-5]49-5[173| 161.5] 62.0ſ[233 217.5] 83.5293 [273.5] 105, 
"9:41:14 |706-5[49-9[174| 162.5] 62.402342 18.4 $3.911294 [274-5 105. 
51.3119 715102. 441.275 163.4] 62.7235 219.4] 84.2295 [275.4( 105. 
2.3420. 10/116 108. 3041.6 176 164-3} 63.1236 [220.3] 84.6296 276.3106. 
24299341 9177 165.3] 63.4237 [221.2] 84.997 [277.31 106.4 
20.5] [118 110.242.3778 166.2] 62.8 238 [222.2 85.3298 278.20 10b. 8 
121.119 [111.1442-6 179 167.1] 64.2 [239 223.1 25.7 299 [279.1 107. 
21. 120 112.1043. [180% 168.1] 64.5240 [224.1 86.0. 30⁰ 280.1 107-5 
Ber Lat Bf öcp. Tar Df Dep, | Lit [Dit]Dep. | Lat BA Dep.| Lat 
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16 


56.6 
$7*5 
58.4 
$9+3 
60.3 
61.2 
62.1 
63.0 
64.0 


64.9 


65.8 
66.8 


67.7 
68.6 


69.5 


70-5] 


71.4 


Difference of Latitude and Departure for 22 Deg. 
Din] Lat. 


"IEG 


Liſt] Lat. Dilt] Lat. 
1211112.2 181167.8 
1221113.1 1821163.8 
1230114. o 183]169.7 
124411 5. 0 1841170. 6 
1250115.9 1851171. 5 
1261116.8 1386{172.5 
12711178 187117 3.4 
128|118.7 18811743 
129|119-6 189]17 5-2 
130j120.5 190[176.2 
133x]'21.5 19111771 
1321122-4 1921178.0 
1330 123-3 19311759 
83445242 1941179 5 
13511252 1950180. 8 
13601261 1960181. 7 
1371127. 0 1971182. 7 
1380128. 0 198 0183.6 
139 128.9 199 184.5 
1400129. 2000185. 4 
141] 13<0+7 201 
14211317 202[137.3 
143 132.6 203 138.2 
14411335 204|139.2 
14511344 2051190. 1 
1460135˙4 2061191. o 
14711303 2071191.9 
14811372 2080192, 9 
149 138.2 209 193.8 
15001392 210 
151 140. o 211 195.6 
152140 9 2120196.6 
153171. 21311975 
15401428 214|198.4 
15511437 2151199-3 
155/1446 2161200. 3 
157 145 · 6 21712012 
1580145 2180202. 
1591147 ·4 2191203. 
2160 148.4 22002040 
1611493 22102049 
16217 59-2 2220205. 8 
16301511 2230206. 
1640152.1 22402077 
1651153 © 2251208,6] 
166|"53-9 226120945 
169|154+-8 227j210.5 
16$]1 55-8 22812114 
169 156.7 22902123 
17011576 *71] 239122.3+3 
1710758.6 2310214, 
172 139-5 123202151 
173 160. 4 233 216.0 
174 161.3 234 217.0 
175 162.3 2352179 
1761163.2 23602 18.8 
177 164.1 237 219.7 
178 165.0 23812207 
179] 166.0 239 221.6 
18016649 24012225 
Dit Dep. Diſt Dep. 
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Difference of Latitude and Departure for 23 Deg. 


[Dif Lat [Dep}} Diſt] Lat. |D<p]Dift| Lat. } Dep] [Dit] Lat. [Dep'[Diit] Lat. | Dep 
| 1 00. 5400.4 61 56.1 23.8 121 111.4 47-3 181 66.0 70.7 2411221, 94.2 
2 ori. 8 Po. 8 6a | 57-1 24-20 122[112.3147-7|} 182[167.5]71.1]] 242[222.8] 94.5 
3 jo2-Sjor.2}{ 6; | 58.0[24.6}} 123|113-2148-1j| 1S:}168.5]71.5;/| 243[223.7] 94.9 
4 3.71.6 64 | 58-9]25.0]] 124[114-1143.4|| 184[169.4]71.9}| 244/224. 95.3 
5 ea. of 65 | 593/254} 125 115.1048.8 185170. 372.31 [245](225.5 95.7 
6 55% 3 66 | 60.8 [25.8 126116.0049˙2 [1861712727242 6.4] 96.1 
7 6.4% 7 67 | 61.726. 20127ʃ116. 949.6018717. 273.0247 227.40 9.5 
8 j07 4/03. 1 68 62.626. 6 128117. 850.00 18817 3-1 73.5248 228.3 96.9 
9 Pes. 33. 5 69 63-5[27.0f 1290118. 750.4189174. 007 3.802490 229.2J 97.3 
ro PET 70 j_$4-4[27-3}] 130[229-7152:3| | 190[174-9174-2]| 283.1 97.7 
11 j19-2J04.3 71 65.4|27+7 131 120.6]51,2 191 175.8174-6]|2511231-0 98.7 
12 11. 4.7 72 66. 328.1132121. [51.60 1921176.2]75.of | 25:1232-0] 98.5 
13 12. 05. 10 7; 67.2[28.5) 133](122. 4052.00 1931177-7]75-41|253|232.9] 98.8 
14 12.95 ·5 74 68.1028.9134/723˙3J52.-40[194/778.6 233.8 99.2 
15 23.8 05.9] 75 69.0 29˙3 135 124.31} $2+7 195 . 2 34+7 y9-6 
26 26. 3 76 70:0[29.7]] 136|125-2{53-1|| 196 235˙ 6100. o 
17 256.6 77 70. 930.1 137 126.1153-5|| 197 230. 6100.3 
13 jx6.6j07.0 78 71.830. 5 x381127-0153-9|| 198 ; 237.5 100.8 
19 : 57A 79 | 72.7 30.9 1390127 ·954·300199 238.4]101.2 
8 23.502 1400128. 954.7 (200 239.3101. 6 
74.631.6141729.8J[55˙1¾ 201 240.2] 102. o 
75.5132. 142 I 30.7155+-$|| 202 241-21102.4 
76.4[32-4]] 14301316559 [203 242. 1102.8 
77˙3 32.8 1440132. 656. 30204 243 · 0103.1 
78.2 33.2 x451233-5[50-7]| 205 243-9]103.5) 
79.2336 146[134-4|57-0|| 206 244-91 103.9 
80,1134-Off 147[2 35-3] 57-4|| 207 1245-50104.3þ 
81.0[34-4|| 148|136-2| 57-8] | 208 246.71104.7| 
31.9 34.8 149 137.2 58.2 N 209 247.6 105.1 
82.8 382150 138. 1058.60 210 248.5105. 5 
83˙ 8356151013909. 211 249.5105. 9 
$4-7135-9]] 1521139 9] 59-4|| 212 250. 40100. 3 
85.36.30 1531149-3| 59-8[|213 251.3]106.7 | 
86.5130-7]| 154|241-8]bv.2||214 252.2]107.1 
$7.4137-?]] x551142-7160.6|| 215 253-11107.4} 
83 4137-5}} 1 56f43-$]50.9]| 216 254-11107 8 
89.3137-9 1571144-5]61.3]} 217 255.0100. 2 
90.238.3 1581145-4 61.7[218 255.9108. 6 
9.38.7 ; 59(146-4[62-1]| 219 256.8] 109.0 
j_92 9139-1]; 160[147-3]62-5/| 220 2 $7471 199-4 
93-0139-5SÞ x611148-2|62-9|| 221 258.7} 109.3 
93-91 39-91] 1621149-1]63-3}| 222 259.6 110 
94.8 150.063.7223 31200. 5110.6 
95.7 151.0j64-1]| 224 261.4|111.0 
96.7 151.964.5225 262.31111.3} 
97.6 152.8]64.9]| 226 263-31111+7 
98.5 153-7165-2|| 227 264.2|t12,7 
99.442 154-606 5.6 228 265.1112.5 
100.3 155.666.0229 266.0112. 9 
110 [101.3] 1 56.5 66.4 230 266.9 113-3] 
19.9111 [102.2 157.4196.3]] 231 267.9]113-7| 
20.3 112 [103.1 158.3057. 2 232 268.8J114˙˙1 
8120.713104. o 159-2107-6|] 233 269.7þ114-5} 
2110114104. 9 160. 2068.00 234 270.6114. 9 
21.5115 [105.9 51161.1168.4)| 235 271.50115-3] 
21.9116 [106.8 162.01 68.8 236 272.5115˙6 
22.3117 [107.7 162.9169. 273-41116-0 | 
22.7118 [108.6 163.8 274-31116-4} 
24•1 119 109.5 164-8 275-2þ116.8| 
$5-2123-4][120 {110.5 165.7 276.2112. 
Lat. Ditt Dep. Dep. ID; Dep. Lat. 


2727; RE Ta 


Difference of Latitude and Departure for 24 Deg. 


Dilt. Lat. |Dep|| viſt] Lat. |Vepſ}iiſt} Lat. }Dep Diſt] Lat. Dep | Diſt Lat. Dep. 
1 00.9 50.4 J[ 1 55. 724.8121110. 549.2018116. 3] 73.6] | 241[220.2] 98. o 
2 [o. 8 oo. 8] 62 56.6252 1221111-4}49-6 182 166.3 74.0] 2420221. 1 98.4 
3 [oz. 701.2 63] 57-6]25.61} 1231112-4[50.0 1831167.2 74.4] 2431222. 0 98.8 
4 03. 701.60 64 58.5126 001240113. 3050. 4184168. 7482442229 99.2 
5 4.602. 65 59.4264 12511 14-2150-31| 185] 169.0] 75.211 245|223.31 99.6 
6 os. 502. 4JJ 66 | 60.3]26.8]] 126j115-1]51.2}} 186 169.9] 7562460224. 7100. o 
7 Job. 402.8] 67 61.2272 12714 30-0151.7 187170. 8 76.:]| 247]225.6]100.5 
3 [o. 3103.3] 68 62.127.728 116.952.110 188 8171.7 76.5 248226. 5100.9 
g 08.2103.7]] 69 63 028.1029 117.852.5189 172.7 76.91] 249227. 5101.3 
10 fog. 14.10 2% 5.028. 50 13-[118.8152.91] 1901173:6] 77-31] 2501223401017 
7 10.0104. 5 71 64.9 28.9 1311119.7153.3 1619101745] 777251229. 3] 1021 
12 [11.0049 72 65.8 29311132 120. 6 53-711 192417 3-4 78.1 2521230. 2102. 5 
13 [12-9}95-3]] 73 66.7129.7}| 13311221-5[54-2]f 19311 76-3] 78.5] 2531231-11102.9 
14 [12-38]05-7}] 74 67.61 30.1 134[122-4[54-5|| 194]177-2] 78.91] 2541232-01103.3|. 
16 13.760 75 68.5139-5}| 135[123-3]54-9]] 195 178.10 79.311 2551232-9]103.7 
16 14.606. 5 76 | 69-4[30-9]] 1361124-2155-3]] 1961179-9] 79471] 2561233-9] 104-1 
17 5.56.9 77 | 790-331-310] 1371125:315 5-71} 197 180.0] 80. 12572343104. 
18 16.4007. 30 78 72-3132-7]| 13328-3]56.2]| 198]130.9] 80. 502580235. J704.9 
19 7.477 79 72.2321 39J127˙0 56.5 1991813 80.9 259j2 36.6] 105.3 
20 [18.30.10 3o|_73:1132:51| 1401727-9]56-91] 209 132.7] $1.3]|260[237-5]105.7 
A [19 208.5 83 | 74-0[32-9]| 1411125-3]57.3]| 2010 153-5] $1.,7]}2611238-4]106.1 
22 (20. 8.9] $2 | 74-9133-3]| 142[129-7[57-3]| 20201845 82.2 2621239-3] 106.6] 
23 [21.0[-9-4\f 83] 753 33+3]| 1430730. 658.20 2030185. 4 82.6 2630240. 3107. o 
24 21.999 8 84 76.7342 144/1315 58.6 204 186.4] 83.00 264241. 2107.4 
25 [22.810.285 77.34.6432. 559: 0] 20518230 83.4 107.8 
26 [23.810,60 86 73.635. 1461334594] 206 188.2 83.8 108.2 
27 [24-7]11-of] 87 7945135-411 147 154+3159.81| 207 189.1 84.2 108. 6 
28 [25.6]11.4}| 88 $2-4[35-$]| 148[135-2[60.2 2088190. 84.6 109.0 
29 26.571.889 81.336.249 136. 160.60 209]190-9] 85,0 109.44 
30 [27-4|12+z21] go $2.2]36.v fe be 137:0}61.01| 210 191-3] $5.4 109.6 
Ur 28.312.697 83.103700 15111 37-9]91.4\| 211]192+7} $5.8 110.2 
32 [29-:[13-9f| 92 84-01 37-41] 152 138-9]61.8]] 212]293-7] $6.2 110.6] 
33 [39-1113-4]| 93 85. 0037.80 153] 39-5162.2]| 213 194-6] $6.6 113.0 
34 31.113.894 35:9 38.2]| 154|149-7162.6{| 2141 195+5] $7.0 111.4 
35 32.0014. 20] 95 $6.81 35-61] 1551 14*-0163.0)} 215 190.4] 87.4 [111.8 
36 [329 14-61] 96 $7-7139-91] 1561142+5 63.4|| 2161]297-3] 87.8 112.34 
37 33.8015. 97] 88.69.40 157(143˙463.9212J198.·2 88.3 112.7 
38 34.715. 98 89.5399 1581144+3164-3 21801991] 88.7 113.1 
39 35 6415-9]] 99 | 99-4[4%-3]] 159} 175˙2 647219 200.1] $9.1 113.5 
40 [36-5[16.3]}x00|_91-4[42:7]| 1604 148-265. 11] 22. 89.5 — 1113.9 
"ar 7516.7 [107 92.304110 1611147-3]65.5]] 221021.-89.9 714.3 
42 [38-4]! 7-1]]r02 932415162 148.06 5.9 222 202.8 90.3 114.7 
43 39.317.503 94-1]47+9]f 163 143.9]66,3]| 22312937] 90.7 I15.1 
44 40.217.904 95043 164 149.866.7224 204+6 91.1 1155 
45 |41.1]13.3}}zog| 95˙942·7 1650159767. 225[255˙5 91.8 115.9 
46 [42.0018 5J[[ 106 96.804310 166|151-6]67.5]} 2262%%5 919 116.3 
47 42.919.107 97-7143-5]| 167 152.667.9227) ·4] 92.3 116.7 
42 43.801950 108 98.7439 168153. 568.3 0228 208.3 92.7 117.1 
49 44.8 19.9109 996443 16912 54-4[68.7]] 2291292] 931 117.5 
go [45-7]20-3]{ 110 |100.5/44-7 || 17011 55-3]69-1]] 230019 93.5 264-91117-9 
— — 11 — 1 — | — — — — |  —— 
51 46.620.711 [101-4[45+3]| 17112 56-2169. 5}| 23112130] 93.9 118.3 
52 [47.51.1112 [102.3}45-6]] 1720157170. 0 23213 11-9] 94.4 118.3 
53 48.4021. 6113 103. 2048.00 1730158. 0½70. 42330 212.8 94.8 119.2 
54 49.322.014 104.1 46.4 174]153-9170.8]} 234 213.8 95˙2 6119.6 
55 [80.2 22.4JJ115 [105-1 46-81} 17511 59-9171-2]| 2351*24+7] 95.6295 269.5120. 
56 |51.2[22-8||116 105. 0047.20 176160. 871. 60 236 2150} 96.0 296270. 4120.4 
57 52.102321 [106-9 47-61] 17711017172. 00 237 216.5 96.4 2971277+3] 120.8 
58 53.0 23-6 118 10748 48.0 178 162.6 72.4 238 2174 96.8 298 272.21121.21 
59 53.924.119 108.7484079 163. 572.8 | 239 218.3] 97.2 299127 31 121.6 3 
60 = 24-4[{120 [109.6 48.8 1801 64.473. 2 2401219.2 97.6 224122. 
Diſt. Depſ Lat.] Diſtl Dep. Lat. Diſt Dep.] Lai Diſtl Dep. | Lat Dep.] Lat. 
for 60 Deg. 
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Difference of Latitude and Ws for 25 ae. 


it, | Lat. DepPDitt|, Lat. |Dep[|Diſ] Lat.] Dep. |Diit| Lat. Dep. 
0.4 61 109. 7151.18. 164.0 76.5 2411-283 .4|101. 101.9 
i — oo. 8 62 110.651.6824 164.9J 76.9 2421219 3j102.3 
Ba 6 111.5 52.0 1$3]165.9] 77.31] 243][220.2|102.7 
22 64 112.4} 52.4j| 184]166.8] 77.8 244|221.1}103.1 
PTL? 67 113 352.818 5]167.7J 78.2 245222. 00103. ; 
© thy + mp5 66 114.253.2186 68.6 78.6 2462229104. o 
223191 „ 6 115.153.7187 169.5] 29.0% 247/223.9 1104.4 
1152 5 68 116.0 54. 1 188870. 4] 79.4 2480224 8104.8 
: =» oor 6 r16.9] 54.51] 189]171.3] 79.9 249]225.7] 105.2 
| 5 * 3 — 117.8 54.9 1901 72.20 $0.3 250 226 61105-7 
| — 2 11 1 18.7 55-4 191 173.1 830.7 251 227.5 106.1 " 
. 119.655. 8 192174. 00 81.1 252j228.4[106.5 
r 120. 556.2193 174.9J 81.60 2531229.3} 106.9 
LY = 3 121.456.600 194]175.5] 82.00 25402 30.2107. 3 
14 2 * -+4 I122.4|j$7-1]! 195 176.7 82.4 2551231.1 107.8 | 
18 (13-0 06.8 Ne 123+3|57-S}| 1961 77.6 82.80 256]232.0[108.2 a 
[P12 2 124.2 57,9 197178. 5] 83.3 257[232.9 108.6 . 
7 41 34 72 125.158.3198 8179.4J 83.7 [2580233. 810g. o 1 
wt] a g 126.0 58.7 199 180.4] 84.259234 7/109. 5 1 
2 27 — 126.959. 2 200181. 181.3 84.5 260 235-61109.9 : 
| — . 08 8 127.8 59.6 201|182.2 182.2 84.9267 2611236. 5110.3 — 
2 0g. 52 128.760. 00 2021831] 85.4 2620237. 5110.7 - 
22 119-9199+3 * 129.660. 4 203184. 0 85.8 2630238.4111.1 1 
[25 122 * + 130. 5160.9 204184. 9 $6.2, 264|239.3]111.6 : 
24 [21.8 3 * 131.4461.3 20518 5.8 866 265240. 20112. o 
4 1.0 388 132.361. 206]136.7] 87.1 2661241. 1112.4 
. 3 133.2062. 1 207|187.6] 87.5267 242.011 12.8 
TEE 12 : 134.1 — 208 188.5] 87.9 268]242.9]113-3| 
. - 135.0 63,0 209 189.4 88.31 269 243.81113.7 
12 — 1p x. 135-9 63-4 442101190. 3 88.7 270 244.7414. 
— 8.7J13¼1 136. 9 63.8 2110191.2J 89.2 251[245.6|114-5 
[ES Pte 137.864, 212|192-1] 89.6 2721240.5} 3114-9 
32 139-91]13-S}] 92 17G zl 38. 273124740473. 
12 — — 5 139.665. 2140193.9 90.4 2741243.3] 175-3 
2 4.3 - 140. 5165. 5 21511949] 90.9 2750249. 2 116.2 
| 35 is. oe” 9% 141.4 65.9 216 195.8 91.3 276 250.1 116.6 
| — ws ” 142.3066. 3 2171196-7] 91.7 27712 51-1171 
14 (44 18.17 . 143. 266.8 218]197.6] 92.1 278[252-0[ 117-5 
138 134-4 16 | ? 144.167. 2 2191198. 5 92.502792 52.911179 
— 36.3 16.9 — 145.067. 6 220199.4 23.0 280[253.3| ——— 
27.387 ITE 3 7567075 
2 4 3-4 146.8 03 $[282[255.60019-2 
42 38.2 ·7 702 _ ON a84[228 1119.6] 
4 11.6 he = 94-7 28412574 120,0 
44 li. ele, ah. ; 95-1j| 28 5[2 58.31 129-4 
45 (40.819. 0 1205 Wee 95.5 2862 39.2 1225 
146474 106 e. 9 Sl 2871260.11121-31 
S 7 96.428826 1.001217 
12 1 4 96.30 289126 1.91221 
— —— 5 97.2 290 262.81122-6 
$50 A- ZE 1154.7 229422. 725 | 
1.6117 155.0 976062902637 
51 46.21. 117 : 98.0|[29aþ264.6 123-4] 
Kt . 2 5 158.8 98.5[ 293026 5.5 2 05 
Th oY | 266.5 124.2 
| 54 [48.9[22-8 224 $103. 157.7 98.9 294 * f 24.7] 
f 55 49-3123-2| x15 (104. 153.6 99,3 2 6068.3 rf 
56 $50.$j23-7[ 216 -1149- r 84 AJ 2970269. 2 125-5 | 
e 2 100.68 298270. 1012. 
| 58 ; 52.7 — — a 5 wp los: 701.0029907 1.0 1 
4 2. 97. 1115 | 2% 5 
| 22 - : $4} 1204108 8 50:7 28 1 2 101. 4/200 — | 
Jour [DepſLark Dit Bes, Ei Dep, L Lat, iii Dep. | L 
itt. [DepfLat.þDitt] Dep.|Lw, Win p-· 
for 65 Degrees | 


- 


— Ladeade and Deparene fo 26 Degrees. 


. . - - ws wp 
WI Tat. Depf id Tat- Ber Diſt] Lat. Derbi Lat: = 
1 {00.9[00.4\| 6x $54-3]26.7][12x [108.853.0181 + | $38 4 
2 ot. 8 oO. 9 62 | 535.727.2122 [109.7153-5]| 132 183 I. 106.5 
3 [£2-7]92-3]] 63 | 56.6{27.6 123 110. 653.9 183 16571 105.0 
4 03.68 64 57.5|28.2][124 111.554.4184 168. 107 4 
5 ſo4. 5 oz. 2 65 38.428. 5 125 112.4 54 185 16 3 107.8 : 
6 os. 40.6 66 | 59.3]28.9]]126 [113-2 55·2 J x86 ry oe 1883 
7 [ob. 303. 1 67 | 60. 2029.4 127 [114+1155-7]] 187 10 - 108.7 
3 oz. a og. 5 68 61.1029. 8/128 [115-0 4p 138 44 4 Ry 
1e [ogeler oh 03 | £2-0[3%-2fr2g [215-9156-6]) r391269.9 10946 
20 [222j24:4]1.72 |_$2:9132:7}}130 . 190[270. Ti0.0 
09.9104.81] 55 63.8031.11311112.2J57.4 191171.7 110. 
1 I 0543 2 64.7 31.6 132 118.5 53.5 19201 72.6 10% 
17 12.8%. 73 | 68.3 42.708.50273•5 111.4 
14 [1260.0 74 | 65.5 32.4134 [129-4 £45 1941174-4| 21171 
15 13.506.675 67.432. 9 135 [121.3 * "95 41 bp 17 
16 14.47. 76 68.3 33.3 136 122.2 8 196017 *t 1% 
17 [1 5:3127-5lt 77 | 69.233.80137(123˙1 bo. . 412 113.14 0 
is f17.: le. 75 7.644. [124-0]60-5]|198|178.o 113.50 
19 1.28.3 7g | 71.0 34.6 1391242 >, 9977 3 714.0 
20 18. op. 2 J 80 21.931] X40 [28-8 RY was MY + x 6774•4 
21 18 909.2 Ir 72.5 35.5 141 1 44 201 1 770 5114.9 
WE 19.8 09.6 82 73.7135.9 142 127. 1. 202 49 115.3 | 
23 2%, 01 83 74.636.40143 [128.5 SE 203]i182.5] 89. 4157 
24 (nete. 84 | 75-5136-80144 [129-4 Hp hag 193-4 89-4 [126.2 _ 
25 [22.51.00 85 | 76.41 37-3 145 [13943 42 205 12 9˙9 1116.6 i 
26 23. 4 11.4 86 77.3 32˙7 146 131.2 78 206 1255 90.3 117.3 | 5 
27 [24.3J 71.887 78.2 38.1147 [132.1 5 207186. 1 90.7 122 1 
28 [25.212.388 79.7 38.648 133. 0 822 208187. 0 91.2 117.3 is 
29 [26,1112.7 8g | 80.01 39-Oſ[149 133.9 1 209 187.8 91. 118.44 5 
30 293.2 90 80,9032. 150 134.88. 2100188. 92.1 717 85 
31 27.9 13.61 2 31.8 39.9151 135.7 py 211j189.6 92.5 1% 3 
. 82.7 10.31 52 136.6 6 212 190.5 92.9 119.7 1 155 
83.604,80 75313780571 2130191.4J 93.4 720% 1 175 
54.544 [38-417-5]| 214]192.3] 93.8 20.65 | 20 
$5.4141-611551139-3]95-01215]193.2] 94.3 6:6 Hf 4 
86.342· 215614. 268,4 2161194.x] 94.7 274 115 
52˙2ʃ42·50/157147.158.82120195. 95. TEA BY 
88. 1143-Of1 58 [142-0109.3]| 218|195.9] 95.6 4. $f 
89.9 43:3} t60 [2343-81701 4 227 . Frontier 123-2 #2. 
 90.3[44+3]][161,|144+7 221198.6 96.9 123.6] b 
91.7144-7][162 45.671. 22219 . 3 97-3 124.3 1 
92.6 4.5.2] 163 146.5 223 200.4 E 4 124.5 52 | 
93-5[45-6][164 [147-4 3 124.9 1 
94.446. o 165 [148.3 225202. a] 98. 123.4 | bi 
95.3146-$[{166 [149-2 2261203.1] 99,1 125.8 "ai 
96.2[40-9][167 L 50.1 227204. 0 99.5 148.34 "oy 
97-1147-311268 [£51,0173-7]\228[204.9] 100.0j| 21 8126.7 1 
98.048269 152.224 [aa 9/a0f. 80 100.4 a7 * 1 
98.9 48.2 170 |152-8174-5If 230 206,7 100.8 == 4 
55.345.7 172 [153-7175-c 231 207.6101.3 | 136.6 (7 
100.749.1172 [154-6 7544] 2321208. 5 101.7 128.3 4 
101.649.0773 [155-5 233129944 honed 128.9 A 
103. 550. 0174. [* 56.4 6.21 £3412 20-31 202.611 129.34 4 
103.4[59-4] 73: CY 3172.7 225 ws) 103.0 N : 129.8 | rr 
6 104.3 7 2618 90217 7-211 23 82 "org | g[130.2f M 
[417 [rog.2[51-: 2185. 72.432213. 103.50 130. al 
a 198.2 17 Ngo · oZ. 2380213. 104.3 * | | * 
BY | [78.5 $f104.8 3 1 
107. o[S2· all 79 — 78•50239 214.801 4.0 << 3 
1787.9182.6 180 161. 28.9 249(215.21108.2 12 i 
Dep. Lat. Miãſ Dep.¶ Lat [Diſt Dep. | Lat. z 


OY por 64D 
— —___ _—  — 


8 


Difference of Latitude ard Dons for 27 Degrees. 


3384 


[Di Tat Dep) [Di Lat. ep) Vit] Tat. ep. Pit] Lat. Den. Un Lat. 
1 88.9 00.5 61] 54-4127.7||1211107-3] 54.9 181]161.3] 722247 214,7 
2 fo oo. 9] 62 55.2028. 101220108. 5540/182162. 2J 82.624202 15. 6 
3 ſos. 7 Jol. 4 63 36.28.6123 109.6 55.81] 1831163.1] 383.1243216. 5 
4 [o. %. 8 64] 57.6[29-1]| 12411045] 56.3] 184J163.9 83.50 244|217.4 
5 ſod. oz. II 65 57-9129.5]| 1251111-4] 56.81] 1851164 8J 84.0 245[218.3 
6 [05.3102.7}| 66 58.8 30.0 126[112.3] 57.218616 5.7 84.4 246219. 
7 106.2103.2 67] 89.7304 127]113-2] 57-71] 187 166. 6 84.9247 z2c.1 
3 * 8 03-6]| 68] 50.6 30.9] | 128[174-0| 58.1]] 188[167.5] 8540248221. 0 
9 los. oog. 1 6g] 62.5j31.3]| 129]114-9| 58.6 189[163.4|] 85.8]]249[221.9 
10 ſos. 94-5 70 62.4031. 1300115.8] 59.0190 169.3] 86.30 250[222.8 
11 log. 09-8]o5.0 711 63.3}32-2|| 132] _ 59-5|| 2911170.2} 86.7]| 25:j223.6 
12 [10.705.4|| 72| 64.2132-7|| 132[177-0] 59.9] 192[171.1] 87.2 252224. 5 
13 11,6 05.9 73 | 65.0 33-7 133 118.5 60.4 193 172.0 $7.6 25312254 
14.12. 506.4 74 65.933. 134]129-4] 60.8]] 194]172.9] 88.10 254[225.5 
15 [13-4j06.8|| 7; | 66.8] 34-1]| 13511203] 61.3 1951173-7] S88.5||2551227-2 
16 [14-3]97-3]] 76 07-71] 34-5 11361121. 61.7 | 1960174. 6 89 0255228. 
17 15.102. 7] 77 68.635. 0] 13711221] 62.2J[1971775.5 89.4 25712290 
18 16.008.278 69.5] 35-4|| 138]123-0] 62.71] 198[176-4| $9.9}] 2551229-9 
19 16.9 08.6 79] 70.4J35˙9 [139 123.3 63.1 19917773 90.3 259 230.8 
20 12-809. 1 80 71-31 36-31} 140[124-7] 63-61] 2oo[178.2] go.81] 2tc 231.7 
18.709. 5 "$1 72.2 16 741 125.6] 64. o — 11 81.3 2611232.6 
19.610. 00 82 73.137. 142126 5 64.50 202J180.0] 91.7]| 2621233-4 
20.510. 4] 83 74-9137-7] | 143] 127-4] 649 [203zI 180.9 92.2 26412 34-3 
21.4 10-9 84 74-$]38.1}| 144 128.3 65. 44204018 1.8 92.6{| 26412 35-2 
22-3]11-4\| $5] 75-7135.6|| 145|129-2] 65.80 205]182.7] 93. 265|230-1 
23.211.886 76.639. 0146130. 66.3]| 2061183-5]' 93-51] 2661237 
24-1 13.3 87] 77-51 39-5|| 147[731-2] 66.7]] 2070184-4] 94.00 2672379 
24-9112.7]| 834 78-4[40.0|| 148] 31-9] 67.21] 208]185.3] 94-4|| 2681238.8 
25.8]13.2 | 89 79.3040. 4 149] 32-3] 62.60 209186. 2J 94.926912 39.7 
26.713. 6 90 80.240. 9 150[133-7] 68.11] 2101187-1] 95.3 2701240. 0 
27-6114-1]; 91 81.141.30[151 134-5] 68.6 2111188.o] g5.8[} 277/241.5 
28.5 14+5 92 $2.0141.8 152 135˙4 69.0 212 188.9 96 21] 272 242.4 
294/15. 9382.904220 153 136.3 69•50[2130189.8 96.727343 · 
30.3154 94 53-8142-7]| 1541737-2] 69.9 [21401907 97.2 27402441 
31.215.095 84.604320 155 138.1 79-41 2151191.6] 97.6 27512450 
32.116.396 855043. 139.0 70. 8216192, 5] 98.1]] 256124549 
23.016.897 36.4 133.9] 71.3 2171193-3| 98.5|] 277 2.46.8 
33-9]*7-31} 98 87.3 140 8] 71.7J[2180794.2J 99.50 27812477 
34+71]*7-7}| 99] 88.2 141-7] 72-2} 219]'95-1] 99 4f| 279248.6 
35-6]: 8-2}{100} 89.1 142.6] 72.61] 220 196.0] 99.9]| 280[249-51 127! 
36.501 8.60101 90. o 143-5] 73-1]} 223 196.c 910. 30] 58112504 
37-4|19-1}|102} 90.9 144-3} 73.5[[222497. 80100. 8J[2820251.3 
38.319. 5 103 91.8 bh 285 74.0[[2231198.7101.2 283125242 
39-2]20-0||104 | 92-7 146.1] 74-51] 2241199-6]101.7]| 28412530 
40.20 · 4105 | 93-6 51470 749/2252. 502. 2J[28 80253 ˙9 
41.0209 106 944 147-9] 75422602014] 102. 602862 54.8 
41-9]21*3}|107 | 95-3 þ x78 ' 75-bd[| 227[202+3]103-1]] 28912557 
42-8]21-8}[108| 96.2 149- 7 76.3 [228203. 1103. 52881256. 601; 
43˙7JI22·2 109 97-1 150.0 76.7 2291204. 0104. l 289[257+5 
44-9122-711110 28.0 19.5 137-5] 77-21] 230[294-9 104-41} 290 255 4]! 
45-4]23-2]|112 98.9 152.40 7762310205. 8104.9 2911259-3 
46. 323.6112 99.8 153 3] 78.1 232 206.7f105.3 292 260.2 
47.224.113 [100.7 154-1] 78.5 233 207.6]105.8 293 261.1 
451124-5/{114 [107.6] 155-0] 79.0f| 234|208.5]106.2|| 2941 262-0 
49.012 5. [15 [102.5 158.8 79:5} [2351299-4[106.7]| 2g 5|262-3 
49.925.416 703.4 156.80 79.9]| 2361210-3]107.1]| 2960263. 
$0,512 5.917 104. 2 157-7} 80.4JJ237ʃ211.2 107.6 297 264-6 
$1-7]26:3}118] 1051 x78þ75336 'B$0,$[[238[212-1[108. x1] 298[265-5 
$52-6126.3|[119 106. o 1179 18. 81.30 2391212. 9108.5 29902 66.4 
153-5127-2j[120 [106.9 54:5 180 180.4] $1.7 240]213-8 109-0 200 267-3 £ 
Dep|Lat. Bin Bep.¶ Lat Bm Dep. Lat.|[Dif|Dep.| Lat ¶ Biũ Dep. 2 
l | | = 
1 | for 63 Deg. WW"'*12 


: 22 2 


Difference of Latitude and Departure for 28 Degrees. 


Diſt. Lat. DepDiſt Lat. |Dep]Diſt} Lat. Dep. Miſt] Lat. Diſt] Lat. 
1 loo. 90. 5 611 33.9 28.6721 106.8] 56.8 [181 [159.3] 85.0 241 [212.8 
2 [01.8]00.9]} 62 | 54-7]29-1]122 | 107-7] 57.3182 [160.7] 85.4242 [213.7 
3 [92-6101-4|| 63 55.629.6 123 108.6 57.7183 [161.6] 85.9243 [214-6 
4 03.5019 64 56.530. o 124 | 799-5 58.2184 |162.5} 86.4244 [215-5 
8 [94+4]92+3 | 65 $7+4130-5 125 110.4 58.7 18 5 163.4 86.9 245 216.3 
6 os. 302.8 66 58.331.012 111.30 9.2086 [164-2] 87.3246 [217-2 
7 (ob. 2[o;. 30 67 | 59:23 7.5125 72.1 '59.6 137 165.1} 8.80247 [218.1 
8 [07.1103-3]] 6g 60.003 1.9128 113.0] 60. 1188 [166.0] 88. 3 248 219.0 
9 0.94.30 69 60.9324 129 113.9 60.6189 [166.9] 88. 7 249 219.9 
10 08.8104-7 70 61.8132-9 130 114.8] 61,0||tgo [167.8] 89.2 250 [220.85 

"11 09.705. 2 71 62.7333 131 115.7 61.5191 [168.7] 89.7||251 [321-6 
605 60 72 63 6133-3 132 116.6 62.0192 [169.5 90.1252 [222-5 

00.1 73 64.5 34+3 133 117.4 62.4 193 170. 4 90. 6 253 223.4 
06.56 74 05:3134*7|134 118.3] 62.9|[194 [171-3] 912.10 254 224.3 
07 of 55 66.2[35-2 135| 329-2] 63.4195 [172-2] 91.6255 [225-2 
07.500 75 67.1357 x36 | 320.3 | 173-1] 92,0||256 [226.0 
08.0 77 68.0136.2 137| 321.0 k 174.0] 92.5257 226.9 
08.5 78 68.9 /36.6 138 121.9 | 174.8] 93.002 58 [227+8 
-5ſ08.9 79 69.3]37.1 139| 122.7 175-7] 93.4259 228.7 
09.4 801 70 6137-6 140|.123-6 176.6] 93.9 250 [229-6 
09.91] 81 71.5038 0147 124+5 177.5] 94.4261 [239-5 
72-4138-5]142 | 7254 178.4 94.8062 231.3 
73˙3 039.0143 12 6.3 179.295.3263 [232.2 
74-2139-4|144 | 1272 N 180. 1 95.8264 [233˙1 
75.439.945 128. C 131.0] 96.2265 [234 · 
75-9146-4|146| 128.9 181.9] 96.7265 34.9 
70.8040. 8147 129.8 182.3] 97.2267 235 · 8 
77.7ʃ41.30148 130.7 183.7] 97.7268 236.6 
78.6141 80749 131.0 184.5] 98.100269 [237·5 
79-5142:3]150| 22-5 185.4] 98.6270 238.47 
80.442.715 133.3 186.3 99.1 272 [239-3 
$1.2143-2 152 | 3342 137.2] 99.5272 [£493 
- $2.11[43-7 153 1385. J 188. 11100. o 273 [211.1 
33. 0044.1 154 Gs 189. f 100.5 274 [241-9 
84.8 451 156 137-7 190.7 101.4 276 243.7 
85.745.5 157 138.6 191.6101. 9277 244.6 
86.546.158 239-5 192.5 102.4 278 2455 
87.446. 5 159 140. 4 193.4] 102.8279 246.4 
88.3 22.160 142.3 2731103. 280 247.21 
39˙2 47.4161 142.2 195.1 103.8 281 [240-1 
90.1147-9]162 | 143-0 196.0104. 2282 [249-0 
90.9 4844163 1439 196.9104.7283249˙9 
91.8048 80164 144-3] 197.810; 2284 [25048 
92.7149-3}165| 1457 198.7 105.6285 [251.7 
93.49.8168 146.6 199.6105. 10286252. 5 
9455.2 167 147+5 200.4106. 60287 [253 ·4 
95˙ 450.7158 148.3 201.30 10%. 088 [2.5443 
956.251.2169 149-2 202+2|107.5||289 [255-2 
| 97-1]51-6|190| 150-2] 203-1] 108,0[[290 [258-1 
93.0|52-1]x7x| 151. o 204.0 108.5291257. 01 
98.952.172 151-9 204.9 108.9292 [257-8 
\ 99.8153-1]173] 152.8 205.7[109.4/|293 [258.7137 
100,7153-5]174| 353-6 206.6 109.9294 259.6138. 
115 101.554.0175 154.8 207.5110. 30295 60. 5138. 
426.3076102. 454.5078 255-4] 208.40 110.8296614 
26.8 1171103. 3 54.9 177 156.3 209.3111.3 [297 262.3 
227.2118104. 2055-4 1978} 157.2 j210.2f111,71{298 263.43 
27-7]|119f105-2155-9}179] 138.2 211:0]112.2|[29g [264-0 
53:<[:5-2[[120 [106:6[56-3} 180] 153.9 211.9112. [265.9 
D Dales Dil Dep. Tat Dit, Dep. | 8 U Lat — 4 


Difference of Latitude and Departure for 2 


9 Degrees 


| * Depp Tat, e Lat.] Bep Dif] Diſt] Lat. [Dep.| 
1 | 58 7] 131 24 2 10.8 116.8 
2 : 7159-1]} x82}! 2[231.7[117.3 
3 59•6 183 212,5|117.8 
4 60.2]} x84h1 213.4J118.; 
1 60.6 x85 (21443]2118.8 
0 191.2} 188 215.2119. 3 
2 61,6] 187 216.0]119.7 
= [62-2] 188 216.9 1120.2 
9 62.5189 217.8120. 7 
Die — . 190] 218.7121. 
"IT 63.5197 251ʃ219.5 121.7 
| 12 64.0 192 220.4 122.2 
23 64˙51 193 221.3122.) 
| 14 65.0 194 222.2 123.1 
15 65-4 195 223-0]123.6 
16 65-91] 196 223-9]124-1 
12 166.4197 224.8 124.6 
18 66.91] 198 225.6012 5.1 
LY 674199 226.5|125.6 
20 67-9 200 227-4|126.0 
21 68.4 201 2610228. 3 126.5 
22 68.9202 2624229. 1127. o 
23 | 69-3 203 2631230. o . 
24 69.8 204 264123049] 
25 70.3 205 26512318 
26. 70. 8 206 2661232.6' 
27 71.31 207 26712335 
28 71.8 203 268 234.4 
129 72˙2 209 26912353 
30 72.711210 270236. 1 
31 73-21} 231 27102 37-0: 
32 13TH 212 27212 37-9 
32 ' 74-2| 213 273 238.8 
; 34 447 174+ 7 214 2741239. 6 
35 975. 4 1215 2751245 
36. 75-of 216 27614414 
57 76-1] 217 27712433 
33 8.76.6218 2784431 
39 . 477-21 219 2790244 · o 
40 | 77:91] 220}? 280|244+<9|135:7 
4 178.1 I 221 28311245.8 
42 78. SH 222 232 246.6 
43 79-04 22 28304475 
9 79-5 224 284] 248.4 
45 80. ol 225 28502493 
46 0.5 226 2862 50. 1 
47 $1.6 227 28712 51-0 
| 48 81-4\| 2281199-4|110.5)| 28802 5149 
-49 5192290200. 3111.0 289 a 52.8 
N * $244 2.30}222:21111.51 29012536 140-6 
81 82 92310202. 0 112 Off 292 254-5 | 
82 133-41] 2 321202-9 112.5} 292125 5-4 
© $3 $39 23302038113. oll 293125043 
L. 152 218442340204 ·7 [133.41] 29414571 
55 153+1454-81| 2351295+5[113.9]|295|[258.0 
56 1539 $5.3 2361200-41114-4|] 296 258.9 
9 813 5-811 2371297+3]1:14-9]j 29712 59-3]: 
58 6 86.3 238 208.2 115.4 298 260,611 
. 59 156.686.8239 209.0115 ·9 299026 1.5 
60 87.3 2401209. 9 5.052 
iſt. iſt[ Dep.] Lat Diſt Dep. 


for 61 Deg] 


at. ts. tw ee ....4 


| Difference of Latirude and Departure for r 30 Deg 


4VD 
— 
— 
47 


15 


+Þ ww »Þ 


O © © aw 


* 32. 


2133 


6038.5 


2136.5 


40.0 


145-5 


30.5 
31.0 
31.5 
12.5 


33-5 


+9134-OfF 


34-5 


-$Þ35-5I[ 


36.0 


37. 0 
37·5 
38.0 
38.5 
39.0 
29 5 


49-5] 
41.0 
41.5 
42.04 
42-5 
43-C 
43-5 


44.0 
2 l 


44.5 
45:0 


46.0 


47-0 
47-5 


a$.o 


— | 


46.51 


Ry. 


49-5 
50. o 


148.50 
149-0 


127.3 
128.2 4 


129.0 


129.9 
130.87 


131.7 
132.5 
033-4: 


L35.1 


134.2 
136.0 
136.87 
1137.7 


„71103. o 
102.5 
103. o 


199.2 


1HEOO. a. 


200.9 
201.8 


4202.6 
8203.5 


204-4 


206.1 
207.0 
207.8 
— 


— 


101. o 


* 111.0 0 


1 112.5 


205.21 


100. 5 


101.5 


103-5 


111.5 


112.01}: 


4229. 


227.9 I 31.0 | 
eee 
3 


230. 
231.4133. 0 
232.2 [133.5 


If Dep. Lat. 


114.0288 
114.5289 
115. lago 


118˙5 2942 
116.0292 


232-111 34-0} 


247-71143-0 
* 5743˙5 
249-44 144-0 
250.3445 
2811245 


| Difference of Latitude and 8 'S 31 3 


= 


+ 


[103.7] 


18 0 W K = 


111.4 
— — 


Lat. 


DepDi 


104. 6 
105. 4 
106.3 
107.1 
108.0 
108.8 
109.7 
110. 6 


62.3 
62.8 
63-3 
63.9 


64-9 
55.4 


67.0 


Lat. 


64.4 


65491]. 
66.4 


112.3 
113.1 
114. o 
114.8 
115.7 
116.6 
117.4 
118.3 
119.1 
120.0 


67.5 
68. o 
68.5 


69. 0] 


69.5 
70. o 


71.1 
71.6 


72.1 


70.60 


128.6 
129.4 


1 31 


Un 
4 


120.8 
121.7 
122.6 
123.4 
124.3 
125.1 
126.0 
126.8 


127.7 


130. 3 
131.1 
132. 
132. 8 
133-7 


135-4 
I 36.3 
137.1 
138.0 
138.8 
139.7 
140.5 
141.4 
142.3 
145-3 
144-0 
I44.8 


146.5 
147-4 
148. 3 
149.1 
150. o 


151.7 
152.5 


1345 


148.2 


150.8 


153.4 
154.3 


5 


72.6 
731 
73-6 
74:2 
14-7 
75-2 
7547 


76.21! 


76.7 


2 


206. 5 
207.4 
208.3 
209.1 
210.0 
210.8 
211.7 
212.5 


2143 
215% 
216.0 
216.8 
217.7 
218.5 
219.4 
220.2 
221.1 
222.0 
222.8 


223.7 
2245 
225.4 
226.2 
227.1 
228.0 


229.7 
230.3 


232.2 


2232.1 


23 J-O 
2 348 
2357 
236.5 
237-4 
238.2 


239.1 
30 


240. o 
240.8 
241.7 
242.5 


2432 
244-1 
245-0 


1246.8 


247 7 


2511 
2.52.0 
252.8 
253 ˙7 
254-5 
255.4 
256.2 


Dili Dep. 


213.4 


—— 


228.3] 


24340 


— 9231.4 


248. 5 


112494 
258.5 


. (== 


for 59 Degrees 


1882 


9 


"SP 


Difference of b Latitude and: ee . 32 ; Degrees? | 


Diſt. Lat. Lep{Diſt Diſt] Lat. Lat. | Dep] Diſt Diſt 'Lat. ep Diſt Lat. Tat. 
1 00.8 50.5 6 $1.7 32.3] 1211102. 664. 1181 753. 5 204.4 | 
2 [o. 701. 1 62 52:6132.9]| 122103. 564.7182 I 54.3 TOI 
3 [o2-5[01.6j| 63] 53-4[33-4|: 123] 104+-3165.211133|155:2 [206.1 
4 |93:4[02.1}} 64] 54.313 3-9]; 124/7105. 265.7184156. o 206.9 
5 04.2 02.6 6 5 55.1 345 125 106. 66.5 18 5 156.9 207.8 
6 os. 103. 2 66 56.035. 0 1261106. 866.8 [86 [157.7 208.6 
7 05.903. 7 67 56.8355 12707.757. 3187 158.6 209.5 
8 lob. 8 [o. 2 68] 57.7 36.0 1280108. 567.8188 8159.4 210.3 
9 [97-5104.8]] 69] 58.5 36.6 129109 468.4189 160. 3 211.2 
10 os. 505. 3 70 59.4(3Z- 1] 130110. 268.9190 161.1 212.0 
11 [99-3 05.8 71 | 60.2[37-6]| 131]111.1169.4|[1g1 {162.0 1212.5] 
12 [19-2106.4j] 72 | 61.1138.2[| 132f131.9]70.0|[192 [162.8 2 [213-7 | 
13 [1.06.9 73 | 61.38.7733 112.870. 5193163. 7 214-5 
14 11.907. 4 74 | 62.8[39.2j{ 134/1136717. 0094 164. 5 215.4 HY 
15 112-7j08.off 75 | 63.639.800 1351114 5]71.6½9 5765.4 216.2 4 
16 [13-6 4140-31] 136]115-3]72-1/[196 [166.2 217.1 2 
17 14. 400g 3140.8 137J116.272 6197 [167.1 217.9 bs. 
13 [15-3 41.3)|138]117.0ſ73.1/1198 [167.9 258]218.8 a8 
16.1 41.91} 1391179737199 168.8105. 525912 19.6 1 
17.0 o 42.4 140118. 824.2 200 [169.6 106. 0 260220. 5 1.8 
77.8 4>9\| 141]119.6 7 2 170.4 106.5 2610221.3 + Ba 
18.71 43.5 1420120, 475.3202 171.3107. 1 26202222 1 
19.5 4044.0 143J121.3J7 5.80203 172.1010. 263223. 795 
20.4 44.5 144/7122. 176.3204173. 0 108. 10 264223. 9 ++ 
21.2 45+1]] 145123. 0 76.9 05 173.8108. 26512247 5 8 
22.0 45.6 146123. 8077. 4206 174. 7109.2 266 225.60 $4 88 
22.9 46.1] 1471124+7177-9 20) 175.5 109.7 267 226 4 4: 
23.7 46.60 14812 5. 578.4208 [176.4 110.2 268 227.3 3 
24.6 47-2\ 1491 126.4]79.0/\209 [177.2[110.8!| 26g 228.1 1 
28 22e EZ2- J 2128.102113 220229. 0 1 
26.3 48.30 151128. 0080.0 211178.9 1111.8 2710229.8 3 
27.1 48.8152 128.9 80.6 212 179.8 112.4272230. 144.2 5 
23.0 49.3 1531129-711.1]'213 [180.5 112.9 2731231.5] 144-7 1 
28.8 49+3]] 154[130.6]81.6]214 ſx81.5 213.4 274|232-4|145.2 *S oof 
29.7 $0.4\|1551131-4|32.2|215|182.3 114.0 275233214 5.8 1 
30.5 50.9 1561132+3[32.7/'216[183.2[114. 5 276 0234.0 146.3 1 
31.4 51.4 157J123.1]83.20 217184. 00 115. 2772349 146.3 1 
32.2 51.90 15801 34.08 3.7218 184.971 5.5 278 235-7 147.3 UE 
33-I]2 52.5 1591134-$]84.3|215|185.7|116.1 2791236.6[147.9 "© 
33-9 $3-O][ x60 160 135.7 84.8 220 186.6 116.6 42800237. 4148 201 
34.8 535 161 136.5 85.30221ʃ187. 4117.102817 238.3 | f 
35-6 54.10 162]137.4|85. 9 222. 1388.3]117.7]| 282[2 39-1 1 
36.5 54651630 138.28 6.4223 189.1 118.2283024. 00156. * 
37+3 55.1 164|139.1 — 224 190.0 118.7284 240.80 150. < 
38.2 $5-7]] 165] 139-9157-51|225 [191-3] 119.3] 285|241,7|151.1 
39.0 56.2 166140. 888.0 2261916119.80 2862425017. 
139-9] 56.7 167 141.6188. $1227 [792-5] 120.30| 2371243:4|1 52.2 
40.7 57.2 168142. 589.0228 [193.3 120.80 2880244. 152.6 
41.6 57-81] 1691 143-31$9.6] 229 194.2 121.4 2892451153. 
42.4 58.3 170] 144-2 90.1 230 195.121. 91] 290[245:9[1 53-7 
43-2 55 8||T71]145.0]90.6231 [195-9| 122-4 291[246:8| 124.2 
44.1 59-41] 172|145-9191.2 196.7123. 0 292[247.6|154.8 
44˙9 $9-9]| 273] 246.7191-711233|197-6|123.5 293 248.5158. 
458 60.4j| 1741 147-6192-2(i234 | 198.4 124.0] 294 249.3J155.8 
40.6 61.0 1751 148.4192-8j1235|199-3] 124.6 295 [2.5032 150.4 
47-5 4161.51] 176|14g.2193.3][236 200. 1 125.1], 296|251:ofr56.g 
43.3 62.0 177150. 193.837 201.125. 297|251-9| 159. 
49.2 62.517801 50.994.302 38 201:$| 126.1] 298 252.7 
50. o 63.1179 151.8 94.9239 [202.7 126.7 2902 3.6 
bo 55.9 63.0% [186152 6-44 203. 5127.2 zer 254. 
I Dit. [Dep L Lat Dit Dep. Lat. Diſt Dep. Lat. it Yep. 
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Difference of Latitude and Departure for 34 Degrees 


22 Eren... 


Dit Lu epi Diſt Lat. Dep| Diſt Lat.] Dep. Diſt Lat. A ZE 7) 
1 oo. 8 oo. 6 100.3] 67.7 1811 50.0101. 22411199. 8 134.81 
2 j01-7Jo1.1 101.1] 68.2182 150.910. 8 24200. 6135. 

3 52.501. 7 104.00 68.80 183J151.7]102. 3 24320 1.4 1359 
4 [93-3]922 102.5] 69.3 1841 52. 5102.9 244/202. 3136. 

5 og. Iſoz. 8 103.6 69.918 51 53.4103. 5 245/203. 137. 
6 [25-0]034 104. 5] 70. 5 1861 54.2104. 0 246203.9 1137.6 
7 55.803. 9 105-3] 71. 0187155. 0104. 6 247204. 8138.1 
8 Jo. 6 O4. 5 106.1] 71.618815. 9105. 1 248205. 6138.7 
9 [97-5]95-0 106.9] 72.10 1891 56.7] 105.7] | 249|206.4 139.2 
10 los. 8.28 107.8} 72,7} 190|157.51106.2/ 250[207-3 139.8 

T1 [og-1 06.3 . 108.6 73.301918. 30706. 80 251008. [140.4 
12 log. 906.7 ; 109-4] 73.8 192|159-2[107.4||252|208.9]140.9 
13 [10.8}07.3 110.2] 74.419360. 010, 253209. 7141.5 
14 11.607.8 R 111.1] 74.9 194] 160.8[:08.5]| 254](210.6 _ 
15 12.408. b 111-9] 75-5|| 195}161.7]i09.0||255|211.41142.6 
16 113-3} 08.9 , 112.7] 76.196162. 5109.62 560212. 2143.2 
17 14.109.500 63. . 113.6| 76.6\| 199]£63.3{110 af |257]213.1114 3.7 
18 [14.9] 10-11} 78 64.7143-6]| 138]1 14.4] 77. 198] £64.1]110.7]|258[213.91144-3 
19 [15.8 10.6, 79 | 55.544.200 139}115.2} 77.7 199} 165.0[111,3]|[259[214.7[144-8 
20 16.6j11-2 8o | 66.3144-7]| 140[116.1] 78.3 200 165.8 111.8 250 215.5647 

21 17.4 11.7 [81 67.1045. 3 1410116.9 78.80 201[166.6|112.4|}261j216.4}146.0 
22 [18.212.382] 68.045. 9 142 117.7 79.4 202167. 5113.00 262217. 2140.5 
23 [19-1112.9 | 83 | 68.846. 40 143 118.5 80.0 203 168.3 113.5 | 26;f218.0[147-3 
24 [19-9] 13-4] 34 | 69.6047. 00 144|1 19.4] 80. 8 204169. 1114.1 2642 18.9147. 
25 130.7] 14-0} 85 70.5147-5]| 145|:20.2] 81. 10 2051 69.9 14.602652 19.7148. 
26 [21.614.586 71.3048. 10 746121. 00 81.6 206 70.8115. [266 220. 5148.7 
27 [22.401510 87 72. 1048.714772 .9J 82.2 2071171.6[115.8] | 267[221.3| 149-3 
28 133-2115 71] 88] 73.0040: 148] 22. 7] 82.8 208]17244|1 16.3] 268222. 2149.9 
29 [24-9 16.2 89 73.8 49.8 1491123. 5 83.3 209173. 3 116. 269223.0J150.4 
30 [24-9] 16-8} of 74.656. 0 150 124.4] 83. 210[174-1]117.4 2701223.8]2 51-0 
31 [25-7] 17+3!] g1] 75-4[50-9] 15101252} 84.4{|2111174+-91318.0] |271[224.7] 151-5 
32 26.5017 9 92 | 76. 351.4 132[126.0f 85. 0 212}175-71118.6| | 272f225. 51523 
33 [27-4|23.5|] 93 77.1052. 0 153f126.8] 85.60 213[176-6|129.1] | 273þ226.34 152-7 
34 [28.2] 19.0%] 94 77.9] 52.6] 1540127. 86.1 214[177-41119.7] | 274f227.21153-2 
35 29.019.695 78.38]53.]| r55|128.3] $6.7} 215[178-2[120.2] |275[228.0]153.8 
36 [29.8 20.10 96 79.653.7 156129. 3] 87.2 2160179. 1120.8 [2760228, 8154.3 
37 3.72.2 g7 8.454. 15711 30.2] 87.8]|217[179-91121.3} |2771229.61154-9 
38 [31.5}21.2 93] 81.2548 1531131.0f 88.4218 180.7 121.9] [ 278230. 51555 
39 32.302780] 99 82.1155.4]| 159]131.3] 88.92 19181. 622.5279231. 3146.0 
DE ee. 2132-22-22 [2423.5 2 715 
41 34.022.910 83.756. 5 161133. 5 90. 0221183. 2123.628123. 9157-2 
42 34.8023. 5 [102 | 84.657. 0 1620 134.3 90. 60[ 2224 184. 0124.1 | 282j233.81157-7 
43 [35-6 24-0:1103 | $5-4[57-61| 163]135.1] 91.11|2231134-91124.7] {28312346 158.3 

| 44 36.50 24.6 104 | 86.2 58.2164 t 36.0 91.722418. 7 125.3 [ 2842354 158.8 
45 37·•3028˙2 [uf 87. 058.7 16 5136.8 92.4]|225[156.-5]125.8] |235j236.312 59-4] 
46 38.7 25.7 [106 87.959. 3166137. 6 92.8] 2260187.4/ 26.4] |286[237.1]159-9 
47 139-0] 26.3 [107 88.759 8167138. 93.4 22715 38-2[126.9] 287]237.9 160.3 
43 39.8 26.8 108 89.560. 4 1681 39.3] 93.922881 89.012. 5 288023 8.30161. 
49 40.627 4109 90.40/61. 0 169140. 1 94.5229 189.8128. 10289239. 6 8 
L. . 52e 14 9.2 28.123099. 128.6( | 290[240.4|1624 
51 42.328. 5 117 92.00 62.1 171 141.8 95.6 231 191.5[129.2 | 291 241.2162, 7 
$2 43-2 29.1112 92.8 62.6 172 142.6 96.2 232 197.3129.7 292 242.1 163.3 
33 [43-9] 29. 113] 93.7 63.2 1731143-4] 96.7/[233|193-2{3 30.3 293 242.9163. 8 
$4 448 30.2 [114 945 63.7 1741144. 2] 97.3 234 194.0130. 94 294 243.7 1644 
55 45˙630. 800115 95˙3064.3 1750148. 97.9235ʃ7948J[131.40[295 244.6176 5-0 
56 [46.4[31.3][216| 96.2[54-9 1761145-9| 98.4 236]195-6|132.0f | 29g6}245.4]165-6 
57 [47-31 32-9||r17 | 97. 0065.4 17711 46-7] 99.00 237196. 513, 5297246. 166.2 
55 bw 274018 97-8166.0]] 278]t 47-6] 99. 5 23819230133. | 298]247.0]166.6 
39 [48.537 [19 98.7[66.5|| 179[148-4100.:]| 2391 198-11133-6] | 299 247-91367-8þ 

nf $927 33.0 20 2 9. 5167.1 280} 149-2] 200, 71] 240] 199-011 34. DE 248.7 — | 
— —— .. — — rr. | — ̃ —— © 
5 Dep Lat. I Bini Dep Lat Bit Dep. Lat. [Dit Dep. Lat. Bit Dep» Lat. 
5 for 56 Degrees. 
— — * — — — 


parture for 35 Deg. 
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Dep ili [Lat Dep Vitt] Lat. ] Dep. [Diſt] Lat. Dep | Diſt] Lat. 
00. 6 61 [50.0135.0]| 121] 99.1] 69 4/187 148.2 103.8241197. 
O1-211} 62 f$50+-*135.611 122] 99.9] 50.0182 149.1]104.4|[] 242] 198.2] 
91.7 63151-61361] 1230100.7] 70.5 183]149.5|105.c|f 243[199. 
02-31} 64 [52.4935-7]] 124[101.6] 71.10] 184 150.7105. 5] 244[2c0.* 
02-91} 65153-2137-3ſ| 125[102.4] 71.7 185]151.5}1c6.1]} 2z45]200.6 
03-41] £6154-1137-91| 1261103.2] 72.3]} 186[152.3] ic6.5}| 246 201.5 
04.0 67 [54-9135-4{] 1271104.0] 72.5 187]153.1}107.2ff 247[202.3 
04-61} 68155-7f39-0|| 128[104.8 75-4]] 188]154.0]:07.8]] 248f203 1 
05-21} 69 156.539 6129105. 74.0 189] 154.8]108.4]] 249203. 
95:71} 79 [57:3140-1 130 106.5] 74.019015 5.6 09.02 ce c4.7 
06-31} 71 [58-1140-7]| 1341073 75-Vj| 192]1 56.4}109.5h} 2611205.6 
06.9 72 159+C141+3}] 132 108.1 75. 19287.2 [10 "| 252[206.4 
07-58] 73 159-3141+9]] 133[108.9 76.:]] 19:}158.1f110.7 2521207.2 
8. 74 160-6142-4[| 13411097] 56.806194 153.9]111.3j} 2541-98 0 
jos8.6 75 161.443. 1351110.6 77.4 135 89. 7111.8 2550208. 8 
99-2 76 62.2043 · 6 136]111.4] 78.00/16 60. 5112.42 56209. 6 
99:71] 7763.14. [j37 11242] 78.6]! 197f161.31113.0f|257|210.5 
10-3}} 78193 9144-71] 138]113-of 79.709865 52.2115.6 258j211.3 
10.9 79 64.745.3 139 113.8 79-71} 19g 163.c !14.1[]259[212-1 
11-51} 80 65.5]45-9 140 114.6 So. 3 20 [153.8|114.7!] 26o[212.9 
12.0 81466. 346.5 143]115:5 80.9 2011104.6]115.3}| 261121 3-8| 
12.6 82 67. 2047.0 1421116.3] 814/202 i05.4|[115.3}] 26212 14.6 
13-20] 334165 0147-6f| 143]127-1] 82.0 203}166,3]116,4}[263]215.4 
13-511 84 (68.8[48.2}] r441117-9] $2.6 204{167.1]117.0j} 264]216.2 
14-3]] 85 [69-6[48-7]| 145[118.8 $5.2]| 2c5j157.9]117.6|{2651217.0 
14-91] $6179-4[49-3]] 146[2 9-6] 83.7 2061168.5{418 1]] 2661217.3 
15-5} $7 172-3149-9]| 147]120-4] $4.51} 207 169.5|118.7j] 2691218.7 
16.1] 88 72.1050. 5014801212 84.9% 2<${170.3|119.3]| 268[219.5 
16.6 8g [72+9]57-2}] 14912220} 85.5} 209771.2 119.9269220. 
122 II 90 23.7 54.650122. 8 sé. 210072. 0 120.4][270[221.7 
17.8 91174-5157*21| 151]125+7] 86.60 271172 8121.0 271 221.9], 
18.9 92175 3 52.8 152[124+5S] 87.2}; 212 175.6|123.6{] 2921222. 
18 4 93 (70-2153-3][ 1531[225-3] 87.7 2151174-4|122.2[|273j223.6 
19·5 94 177-9153-9]| 15412201] 88.4}} 214]175.3[ 12247 2741224 4 
20-111 95 177-5154-5[| 155 126.9 83.9} 2151176.11123 3|[275|225.2 
20.61} 96 78.6551 1561127-8 89.5|| 2261176.9]123.9}|276!226.0 
21-21} 97 179-4155 ®f] 1571125-6] 90. 2171177.71124-4j| 277|226.9 
21.8 98 80. 3056.20 1581129-4] 90.60 2154178.5]125.0 2780227. 7 
22. 4 99 81.1 56.8 159 139.2 91.2 219 179.4 125.6 279 228.5 
22-9][100 81.9 57-41] 160{2131-0] g1.3]] 220010. 2126 2] 28c[229.5 
*0123+S|tr01 (52-71 57-91] 16141 31+9 92.3}} 221]131.01126.7j[281[230.1];61, 
34-4]24-14] 102 [3-5[55-S[| 162|2 32-7 92.5 2221181.$]127+3\ſ 2$821231.0 
24+7}} 103 [54-4[59-1]] 1631133-5} 93.5}| 223[182.6|127.9 2831231.5 
85.259,00 1641! 34-3] 94.1 2230783. 5128.50 2841232.6 
86.0.2165135˙1 94.6022 5184.30129.0 2851233-4 
86.80.6615. 95.226185. 1129.6 286[234-2 
87.6 61.4 167 136.8 9 5.8 227 185.9 130.2 287 235. 0 
88.5101-9}] 16812 37-6] 96.3 2280186. 7130.828823 5.9 
89.32.50 16913 8.4 96.91] 2291187. 5 131-3]] 289/236 
90.1163-1 122 139*?} 97.5 230188.4/ 131.9 290 232.5 
90.93.7714 98.10 237J0189.2132.5 2910238. 
91.71 94-2 17211409] 98.60 2320790. 0013312920239. 
92.5|64.8 17301417 99.2 2330190.8]133-6 2930240. 
93.4 6 5.4 174 142.5 99.8 134 191.6 I 34.2 294 240.8 
94.2196-0l} :751143-3]100.4]] 2350192. 5134.802950 241.6 
95.066.576 1441100. 90 2361193.31135-3 296} 242-4 
95-8107-1}] 1991145-0 101.50 2371194-11 135-91} 2971243-? 
96.6167.7]] 1781245+3${102,1 2381194.912 36-5 [298] 244-1 
97-5158-2[] 17914496 1024711 239119571 137-1]] 2991244577 
98. 3103-871 18c[147:41103.2]} 240[ 196.6}: 37-6 300024777 
Depl Lat. Diſt Dep.] Lat. Diſtſ Dep. | Lat. Dili Dep. 


for 55 Deg. 
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Difference of Latitude and Deparvat for 3 Degrees. 


I» 9 
"IR 


Sele 77.4417 0 191 . 112.3 2511293,1][147.5 4 
192|[155.31112.9]] 2520203.9 148.1 
193j156.21]113-4/| 2531204.7] 148.7 
194156. 114. o 254 205.5 149.3 
19 5157.8 114.6 255206. 3149.9 
196 I15.2\| 256|207+»I}150.5 
197 41115-8\|2551207.9]151.1 
193 .21116.4/| 258[208.7]151.7 
199]0L,0|T17.0!} 2591209.51152.2 
200|161.8]117.6' 2601210-3)152.8 


\|201]162,6|[118.1}263]211.1]153.4 
5 202 118.7 26202 12.001 54. o 
203 2119.3 263|212.8]154.6 

204 119.9 | 264|213-6[155.3 
205|165.81120.5|265[214.4|[155.8 
206 71211 266|215-2|156.4 
207 121.7 267 216.00 156.9 
208 3122.3 268216 8[157.5 
209 5 122.8 26g 217.6 158.1 
210 91123402700218.4J158.7 


f 211 71124. o 271 219 2159.3 
212 124.6 2721220.0]159.9 
213 125.2273220 9160.5 
5 2140773.1J125.8274]221.7J 61.1 
215 9126.4 275[ 222.5 161.6 
216 127.0 2761223-3]162.2 
217 6127.6 2771224. 62.8 
218 128.10 2781224 9163.4 
| 219 ; 128.7 279 225.7 164. o | 

o 220 ,of129,3j| 2801226 5164.6 


221 129.9 [281227.3J165. 2 
2220179.60130.5 282 228.11165.8 
223 131.1 2$821228.9] 166.3 
224 2131.7 284|229.8}166.9 
01 225 132.30 285[230.6]167,5 
226 132.8|| 2861231-4[168.1 
227 6]133-4]| 287232. 168.7 
2281184.5 134.00 288]2 33-0 109-3 
229 - 3]: 34-6]] 289[233-3]169.9 
9 230]186.1]135-2]| 290 234-61170.5 2 

$5 [100-5|| 135-8[[291[235-4[171-0 
136.4j|292[236.2[171.6 
137 o[[293[237-0[172-2 
137-5}1294 237.8]172.8 
138.1 2950238.7 173.4 
138.7296239 .50174·0 
13943] 297 249+3[174-6 
139.9 2981241.1175˙2 
140.5299 241.9 175.7 
14 30 242.7 176.5 mY 


Bit. Lat. Dep Dilt Lat. |Dep!!Dift] Lat. Lat. Dep. ][Diſt] Lat. Dep. Diſt Lat. [Dep. 

ary 50.300.661 49˙3135˙9 121 97-9] 71.1181 146.4 106.4]| 241}*95-2 141.7 7 
2 01 6001.2] 6250. 236.4122 98.7] 71.71| 182[147,2[107.0|| 242[195.8]142.2 
3 (92-4 01.8] 63 [51.0 37923 99.5] 72.3] 183[148.0[107.6 243 I96.61142.8 
4 |93-2]92+4 64 [51.8]37.6;[124 [100.3] 72.9!| 184|148.9}108.21] 244|197.4[143.4 
5 04.0102.9 65 52.6 38.2 125 JIOI.L} 73˙5 18 5 149.7 108.7 245 198.2 144.0 
e [04-9] 3-5þ 66 [53-4[38 $1226[101.9) 74-1] 28611 50,51199.311 2461199.01144.6 
7 e 7124-2] 67 [54-2139-4, $127 [102.7] 74-71] 1871151,31109-91] 247] 199-81145-2 
8 ſob. 504.7] 68 [55-9]40.0 1128 [103-6] 75,2 1880152. 10. 5 2480200. 6145.8 
9 07.3055·30 6g [55-8]49-61129 [194-4] 75-85 1391529111. 2492014 146.4 
10 08.1 25 910 70 56.6 41.1; 130 105.2 76.4 1901 53.7111. 7 250 202.2 146,8 


— _—_ 


| Lat. [Dit Dep. | La at 


for 54 Degree +4 


* 


Lati | 


Lat. Lat. | Dep, 
| 96.6 . 192.5745. o 
| 97-4] 73-41 18214531709. 242[193.3[145.6 
4 | 98.2 74. 0 183 146.1170. 24311941 146.2 
ES 99-0| 74-61] 184|146.9]1 10.7]; 244 194.9] 146.8 
7 | 99.8 752 r185]147.7 111.30 2451195-7[147.4 
1 100.6] 75.8] 186148. 5111.9 245196. 5148.0 
5 101.4] 76.4 1871149.3 1112.50 247 197-3 148.6 
£ 102.2 77.0 188 158. 113.1 248 198.1 149.2 
5 103.0 77.618911 50.9 1113. 249198.9 149.8 
, o8.0 ob. 70 103.8 78.2 190[151.7J114.3 2501199-71150.4 
56.0 7 104.6 78.8 191 152 5114.9 251200.4J151.0 
= 7 105.4 79.4 1921153·31115.5 252|201.2}151.6 
425 ry 106.2 $0.0 193 154.1 116.1 2531202. o 152.2 
08.4 44 107.0] $0.6 194|1 54-9] 126-7]|254[202.8] 152.9 
© 0 As 107.8] 81.2] 1g95|155.7]117.3 2551203-6|153.6] 
56 +: 108.6 $1.8, 1960156. 5117. % 560204. 4J154.1 
2321 5 109.4] $2 4:1 197]157-3[118.6 2571295-21154.7 
10.8 4 110.2 33.0 198 158.1 119.2 258 206.0 155.3 
9524 Te 811.0] 83.6} 199}158.9]119.8 259|20648]1559 
12 35 111.8} 84.21 200 159.7120. 4 250 2025 156.5 
12.6\| 85 112.6 84.9 201 160. 5 121.00 2611208.4]157.1 
* | 32 113.4 85.5 2021161.3 1121.60 262 [209.2 157.7 
_ . 114.2 86.1 203 162.112. 2 263 10,0 158.3 
75 15 115. 0 86.7 2040 162.9122. 8 264|210.8 158.9 
14.4 84 115.8] 87.3 20 5163.7J123.4 265 211.6159 5 
1 88 116.6] 87.9] 2c6 164. 5124.00 266[212.4|16c.1 
x 4 #4: 117.4 $8 5|2c7 165.3]124.6 267[213.2|16c.7 
ng 4 118.2] 89.1j|208}166.1]125.21] 268 214.0[161,7 
16.9 * 119.0 220 2090166.9 125.8] 269 1214.881619 
1 5 119.8 2. 2100167. 7126.4 27022 5-6. i 62.5] 
8 : 120.6] 90. 90211 168.5127. 2711216.4| 163.1 
ne 4 121.4 91.5 212 169.3 127.0 27212172 163.7 
99-3} $4 122.2 92.1 2131170.1 123.2 273 218.0 164.3 
* ” 123.0 92-7{| 214{170.91125.31|2741218.3] 164.9 
a ” 123-8] 93.3 2151171.71129.4||275|229.6[165.5 
21.7 : 124-6] 93.9i] 216 172.51130.01|2761220.4|166.1 
22 4 125.4 94.5 217 I73+-3 *ON 277134212 166.7 
44 4 126.2 95.1218 n 2780222. 00167. ; 
2725 137-0] 95-71 219 2791222.8} 167.9 
4-4 3 127-8 96.3 220 2801223.6|168.5 
|= 128.6 21427 281 224.4 169.1 

24.7 128.6] 96.9 [zar 4.4 
Ie! 129-4] 97.5 222 282[225.:|169.7 
2831102 130.2] 98.1 223 283022 6.0 170.3 
48.55 131.0 98.7 224 2840226.8 170.9 
7 1994 132.3} 99.3 225 2851227.6}171.5 
4d ae 8 132.6] 99.9226 286]228.4]172.1 
28.5 "oo 8 1334/7100. 5 227 287][229.2[172.7 
8.3104 8 134.2101. 1 228 283]230.0117 3-3 
4454 [4-4 F35$.011017.9 229 289 230.8 173-9 
ny 122 8 135.8702. 3 230] 29023151245 
30.7077, 136.6 102.91} 231 2911232.4[175-1 
2 0 137.4 103.5232 2921233-21175-7 
464 * 138.2 104. 1233 2931234.01176.3 
11272 239.0 104.7234 29412 34-31 176.9 
325114 139.2003. 245 7. 
37178 140.6 105.9 236 2961236.41178.1 
. 141.4J706. 5a; 2971237.2J778.7 
＋＋ (46 142.9107. 239 299 238.8 179.9 
1821.72 1 108 240 300[239.6j 130.5] 
36-10120 [9: 43:7 ro. 3 — . = 

Car. Pit Dep: Ler- [Dil iu ep. 
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Difference of Lan and Dopartnee Ser 38 Degrees: 
VepſDitt Diſtſ Lat. Dep. Pitt 


0.6. 61 


01.2 62 
01.8 
02.5 
93.1 
03.7 
04.3 
04-9 
25.5 
06.2 


06.8 


97.4 
08.0 
08.6 


29.2 


25 9102 
26.507103 
27.1104 


48.1 
43.9 
49-6 
59.4 
51.2 
52. 0 
_ 
536 

54-4 


40.0] 125 
40. 126 
41.31, 127 
41.9 128 
42.5 129 
43-14 130 


55-9 
56.7 


457+5 


59.1 
59-9 
60.7 


437 
443 
44˙9 
45. 

46.2 
46.8 
47-4 


48.0 
48. 


132 
133 
134 
135 
130 
137 
138 


63. o 


70.904 


49-3 


51.1 


48.6139 


140 


141 
142 
, 143 
144 
145 
146 


4945 
50.5 


51.7 
52.3 
530 
53-6 
54-2 
898 


11579 


4 62.8 


56.0 
56.6 


57˙3 


58.5 
59·1 
$9-7 
60.3 
61.0 
61.6 


62.2 


137 


1] 98.5 


92.4 


| 948 


105.3 


131 
182 
183 
184 
18 5 
186 
187 
188 


745 
75˙1 
75.7 
76.3 
77. o 


77-6 
78.2 


78.8 


— — 
4 80. oo 


80.7191 
81.3192 
81.9) 193 
82.5194 
83. 1 195 
83.7196 
84.4 [197 
95.0 198 
86. 6 199 
86. 2 200 
36. 5 201 
37. + 202 
88.0203 
88.7 7404 
89.3205 
89.9 206 
90.5 207 
91.1208 
91.7 209 
210 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


221 
222 
223 
224 
225 
226 
227 
228 
229 
2 
231 


93.0 
93 · 6 
94-2 


95-4 
9 5-0 
96.7 
97˙3 
97-9 


99-1 
. 99-7 
100.4 
101.0 
101.6 
102.2 
102.8 
103.4 
104. 1 
104.7 


Difference of Latitude and Departure for 39 Deg. 
— — — 
Dep}Diſt| Lat.] Dep. . Bin Lat. Dep ;[Ditt] Lar. | Pep 
33.4)} 121] 94.0 76.111811140.7 [113.9 247187. 3751.7 
39.0 122} 94.8] 76.8 182[141.4]114.5j| 242[188.1] 152.4 
39-6]] 123] 95.6] 77-41} 18;]142.2j115.2j} 2430188.8] 152.9 
40.30 124] 96.4] 78.0 184]145.0]115.8}} 244|189.6{1543.6 
40.9125 97.1 78-7] 185]143.8]116.4}] 245] 190.4] 154.2 
41.5 126 97.9] 79.3 186]144.5{117.1]j 246{191.2j154.8 


42-2} 127] 98.7] 79-9j} 1870145.3] 117.7] | 2470 191.9] 155.4 
42.8} 128 99.5 80.60 188 146.1 118.3 248 162.7 156.1 


3 


43.4/ 129 100.2] 81.2 189146.9 118.924 493.5867 
44.1 El ea 81.8 190[147.51119.6}{250[194.2]157.3 


44-7}] 131j101.5] 82.4 191]148.4]120.2}j 2514 195.1]Þ158.0 
45-3] 132j102.6| 83-1}] 192[149.2|120,8]{ 25:{}195.8]158.6 
45-9þ 133]103.4] $3-71] 193]150.0[121.5]{| 253] 196.6|159.2 
46.0 1340104. 1 84-31] :94|150.8}122.1] | 2540 197-4þ1 59.1 
47-21 135|104.9] 85·00195[51.5[122. 7255198. 2 160.5 
47-8j| 136]105.7] 85.696152 3123.3] 2561} 198.9]161.1 
48.5 137106. 86.2 197[153.1]124.0] j 257] 199-7]161.7 
49.1 138]107.2| 86.8 198[153.9|124.6{| 25$200.5|162.4 
49-71! 139]108.c| 87.5199 54. 6125.2 | 259 201.3] 163.8 
50. 3 140] 108.8] 88. 1 200155. 4125/0 260 202.00162.6 


51.00 14r[109.6| 88.7 2010156. 2126.5 2610202. 8164.2 
51.6}! 142110. 3] 89.4% 202[157.00127.1 262 203. 6164.9 
52.2 143011110 99.0% 203057. 8127.7 2630 204.4016 5.5 
52.9 144] 111.9 9.0% 204/158. 5128.4] 2640205. 2166.1 
53 5}! 145}112.7] 91.220559. 3129.026520 5. 9166.8 
54-11; 146 113. 91.9% 200160. 1129.61 266|206.7 267.4 

92.5 2076.9 130. 311 267207. 5168. o 
93.100208 751.6130. 9 269 228.3]168.7 
93. 82091624713. 5 269209. 0 169.3 
61 94 4}{ 210]163.2 132-2 ; 270]209.8]169.6| 


95 off 211]163.9{132-3}z 271][210.6[170.5 
95-7]} 212]164.71133-4|}272[211.4]171,2 
99.3}| 213]165.6]133.0!! 277 212.1 171.8 
96.51 2141166.3]134-7]|274]212.9]172.4 
97-5j|215]167.1f134 3Þj 275]213.7]273.1 
98.2!1216|167.91135.9f| 275 214 5[173-7 
98.8\[2171168.6]136.6]j 277 215.31174.5 
99-4;} 218[169.4f137-21j 278]216.0{174.9 
100.i\|219[170.2 137-8] 76 216.9]175.6 
10.7“ 22c[171.c0138 4/2802 17.6176. 2 


3 ¶ . ͤͤ 22 


1 


101.311 223|171,71139.1|{28:]218.4]176.8 
101.9222 172.5 139 7 282 2191 177.5 
102. 223117 3-31140.3]! 283[219.91178.1 
103-24 224[174.1]141.cf} 224|220.7]178.7 


103.8|2251174.81141.6|| 28:[221.51179-4 
104. 5 2260175 642.2289223. 3080. o 
105. 1 227J176.4 0142.9] 287 [222.0186 
105. 7/[2288177. 2143.5 288J223.8 1812 
100.4 2291178.0144. 1 289224.6 181.9 
02.230178. 7144.729822 5.41 132-5 
107.60 23117951454 291226. Tx 
108.20 232180. 3146.01 292[226.9] 133-3] 
108.9 233[131.7[146.6 2931227 7184.4 
109.5 23418 1.8147. 3J[294(228.5 185.0 
110. 1 235182.6147.9[295[229.2J1856 
110.8 [ 236183. 4148. 5 [2962 30 of136-3 
111.4 2371184-20149-1] [297] 230.5}: 56-9 
112.00 228]185.o0149.8} |298|231.61137-5 

185.7 

186. 5 


| 


112.011 239 150.4029902 32.4188. 
2143-3024 151.0 300 212.10 138.5 


a Tat. Din Dep. Lat. Dit Dep. "Lat 


—— 


1 
14 


Diſt Oc, Lat, Ditt 


* 


F 


for 51 Degrecs. | 


Gs 


Difference of Latitude and Departure for 40 Degrees. 


Lat. 


Vit. Lar | rep} Din Lat. Dep; iſt Lat. Dep. Diſt] Lat. De. Dit 
1 ſoo. 8 foo. 6 61] 46.739.210 121 92-7] 77-8||181]138.6]116.4]] 24z[184.6 
2 [01.50.3062 47.5]39.9/| 122| 93-2 78.4] | 182f139.4{117.0f| 242[185.4 
3 oa. 3001.9 63] 48.340. 5123 94-4] 79.10 182[140.2f117,7 243186. 
45322, 64 49.100124 950 79.718440 gf118.3]] 244 186.9 
5 oz. 8[o3. 20 65 49.8048 1251 95-7] 80-4[| 185|141.7[118.9]| 245|187,79 
6 fog. 603.9 / 66 50.6142.4!| 126| 96.5] 81.0186 142.5011966 246[188.4 
75.44.50 67] 51.3143-1]| 127] 97-37 $1.6|| 1871143 212.2 2451 189.2 
8 j06.1j05.11| 68] 52.1143.7]| 128] 98.0 82.3|{185|194.0 120.9248190. o 
9 6.905.869 52.34.4129 98.8] 82.9\| 189|144.8|121c5 239190. 
10 [07-7496.4|| 70 53.645. 0130 99.6 83.5 190145-5[ 2210256915 
11 [8.40% 0 7 544045 601310100. 3] 84.2 1910146.3 122.8 2510192, 3 
12 199 2977072 5526.301320. 84.9 192[147.11123-4j| 2c2{193.c 
13 [10-ofc8.4]} 73 55-9[45.9' | 133 101.9] 85.5}| 193[147.8|:24 1 253193.8 
14 19799 ˙ [ 74 59-71+7-6; 134/702. 86.10 19/748.5 24.724194. 6 
15 11.899. 75 57.43.24 13 5103.40 $6.81] 195|149.4}125.4 2551953 
16 [12.3]10. 30% 76 58. 248.9 136[104.2] 87.419515. 1126.0 2560196. 
17 113.010.9077 59. (39756137 104.9] 88.101975 126.6 257196. 
18 13.811.678 59.758.101380105 7] 88.7]9857.7127.3 258] 97.6 
19 14.612.279 60.5 30.80139/106. 5 89.4 199 1152.412790 256ʃ198.4 
20 AK. 12.9 801 61.3 51. 44140107. 2J 90.0 2c0 1532 122.0 2Ec 19912 
21 [10.1]13.5 51 62.0 32-1] | 1410108.o| go.6[|201}154.0j129.2j} 61 199.9 
22 [16.914.082 62.8527 142 0108.8 91.3]| 202[154.71129-9j{ 262 2c. 7 
23 [17-0]14.8 83 63.653.4 143]109.5] 91.91} 2031155.54' 39.5262 201.4 
24 18.5.4 84 64.354 © 144/110. 3 92.6 204/156.3 13710642092 
25 [19.216.185 55. 54.6(145](111.1J 93.2[[ 205157 6131.8 265203. 0 
26 119-9]16.7}| 86'} 865.955.310 146[111.8 93-9|}} 206j157-81!132 4j{ 266[203.7 
27 [22-7] *7-4j} 87 66.6155 9] | 1475112.6] 94.5 207[158.61133-1]] 26-f204.5 
28 [21-4]18.0}|; $8] 67.4}56.6 1481113.4] 95.1}}208|159.3]133-7j} 2658 205.3 
29 18.6689 68.257.21149 714.1] 95.8 209160. 1133.4 269206. 0 
30 19.30 90 68.9157.91| 150 114.9 96 4/210 160.938. [[ 270f-06.8 
19.9 91 69.7 58 5 151 115.7 97.111211 161.6 135.6 271 207.6 
20.6}| 92 70.559.100 1521116.4] 97.7]|212j162.4[: 35.3 2720208. 3 
21.211 93] 71¼½2 59801530112. 98.4213763.2136.9/% 2730209. 
21.994] 72.060. 4154 118.0 99.00[2140163.9 37-6 274120. 9 
22.5095 72.8067. 155 118.7] 99.6 215[164.7 122 275210 6 
23.20 9673· 561.7156119. 5100. 30216016 5.4138.8 [2762114 
23.8097 74.362.415] 120.30 100.9 2171166.21139-5|| 27-f212.2 
24.498 75-1163.0  1581121-0} 101.611 2181167.01140.21][ 2781212.9 
2510099 75-8163.6|{ 159|121.8]:02.2 167.7]149.3{[ 279f213.9 
25.7 [100 76.664. 3 1601122.6} 102.8 168.50141. 4280214, 5 
26.4101 77-4[04.9!| 1611123.3|103.5 169.3} 142-I]| 281}215.2 
27.0ſj102| 78.165.606 16211241] 104.1 170,01142.7|1| 282[216,0 
27. 00103 78-9}66.2}] 163[124-9] 104.8 170.8143 3 2831216.8 
28.3104 79,766.80 164|125-6[105.4 171.6144:0[284(217.5 
28.9105 80.467. 5 165[126.4]106.1 172.,3]144-6 285}218.3 
29.60% 106 81.2[68.1] | 166|127.2 105.7 173.11145˙3 (28602 19.1 
302 107 8a. o 68.8 167 127.9 107.8 173.9 145.9 287 219.8 
o. 8 [108 82.7 69.4168 128.7 108.0 174.6146. 288ʃ220. 6 
31.5109 83.5 70. i 169129. 4108.6 175.4747. 2 2891221.4 
32.1110 84.3 79-7] | 170þ 132-2} 109.3 176.21147-9]]} 2g0f222.1 
32.8||r11 | $5.0[71.3]|171[131.0f 109.9 176.91148-5]| 291[222.9 
33-4![112| 85.8[72.0| |172[131.7|110.6 177.71:49-I]] 292[223.7 
34-1||113 | $6.6]72.6| |173[132.5| 121.2 178.51149-*\] 2932244 
34-711114 |. 87-3]7 3-3 1741133-3]111.9 179 2[159-4|] 294}225.2 
35-3[[115| 88.1173-9]|[175[134-0[112,5 180.0151. 129 flz2b. o 
36.0[[116 88.9174-6| | 176] 134-8] 113.1 180.8]151-7]] 2961226.7 
36.6117 39.6[75.2||197[135-6 [13.8 181.5101524 2971227. 5 
37-314113| 90. 475.9178 136.2 [14.4 182.3 1540 298 228.3 
37-4||r19] 91.276.500 179[137-1] 125.1 183.-1]153-6]} 2991229. 0 
38.6120 91.977. 1180 137.9 t 1 5. 7 183.8 I $4-3 zoc [229.8 
Lat. Diſt — Lat. Viſt Dep. Lat Dep. Lat Vin Dep 
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Difference of Latitude and 1 Departure for 41 bers. 


I 18.7 
119.4 
120.0 
120.7 
121.4 
122 0 
122.7 
123.3 
124.0 
124.6 


125.9 


125.3 


126.6 


127.9 


129.2 
129.9 
132-5 
131.2 


131.8 
132.5 
1332 

133.8 
1345 
135-1 
135-8 
136.4 
137-2 
137-7 
1:8 4 


13@ if 


139-7 


140.4 
141.0 
141.7 
142.3 


143-0 
143-6 
aa, 
145.0 
145.6 
140.3 
146.9 
147.6 
148.2 
148.9 
149-6 
150.2 
150. 9 
151.5 
152.2 
152.8 
153. 

154. 

104.8 
155˙5 


156.1 
156.8 


157-4 


127. 1 


125. 6| 


Diſt 


247 I 
242 
243 
244 
245 
246 
247 
248 
249 
2 50 


251 
252 
253 
254 
SS 
25t 
257 
258 
259 
250 
py 4 
'262 
203 
264 
265 
266 
267 
268 
269 


2794 


271 
272 
273 


232 
283 
284 
28 5 
286 
287 
288 
289 
290 
291 
292 


1223 


294 
295 
296 
297 
298 
299 
300 


Ditt Diit 


Lat. Lat. 


181. 9 
182.6 
183.4 
184.4 
184.9 
185.7 
186.4 
187.2 
187.9 
188.7 


189.4 
190.2 
190.9 
191.7 
192.5 
193.2 
940 
1947 
1955 
196.2 
197 © 
197+7 
198.5 
199.2 
200. o 
200.8 
201.5 
202.3 
203 © 
203.8 


04.5 
205.3 
206 © 
206.8 
207 5 
208.3 
209.1 
209.8 
210.6 
211.3 


212.1 
212.8 
213.6 
214+3 
215-8 
215.8 
216.6 
217.4 
218.1 
218.9 


219.6 
220.4 
121.1 
221.9 
222.6 
123.4 
224.2 


225 7 
126.4 


Dit. fi Lat. 
& 1 136.0 
oY I 37-4 
3 138.1 
— 138.9 
5 139.6 
5 140.4 
ä 7 141-1 
8 141.9 
9 142.6 
10 143.4 
11 a . 144.2 
12 109-1 07:9 721 54-3]47-2[132| 99-6 86.6192 [144-9 
13 09.8Jos.5 73 55-2147-9]133 | 290-4] 87.2193 [145-7 
14 10.6. 74 55.8 48 5 134 | 201.1 87.9]{194 [146.4 
x5. 1.39.80] 75 56.6[49-2]x35 | 201.9] 88.6195 [147-2 
x6 2.110. 50 76 57-31+9-9]136 102.6] 89.24 [96 147-9 
17 [12.$]11.21] | $58.1]50-S[x37 | 103.4 89.9197 [148-7 
18 [33-6413.51| og} 58.857.438 104.2] 90.5|[198 [149.4 
19 114-3]2-5}| 79 59-6 51.8 139 | 204-9] 91.2199 [150.2 
20 [15-1113-1 80 60.4 52.807140 205-7] 91-8 200 [150-9 
21 [35-8[13.8][ $7 | 61.3153-2]3453 | 206 4] 92.5]|201 [151.7 
22 [16.6]14-4]] 82 | 61.9] 538 142 | 307-2] 93-1] [202 [152.5 
23 [37-4]*5-2]| 83 | 62.6544 143| 109.9 93-5] [203 [253.2 
24 18.1015. 7] 84 63 4[55-"]rg4 | 108.7 94-5] [204 [154.0 
a5 18.976.485 64.255845 109.4] 95-2] ſ205 [154-7 
26 19.6017. [ 361 64.9 56.4 146 110.2] 95.8| [206 [155.5 
27 [22-41*7-7]| 87 | $5-7[57-7]147| 730-9] 96.420 156. 2 
28 21.178. 88] 66.4[57-7|r48| 2211-7] 97-1] [208 [157.0 
ag 21.19.00] 39 67.2155-4[1,9| 222-5] 97-7] [20g [157-7 
10 22.6119.7 90 ' 67.9] 59-9 150 113.2 55 270 158.5 
21 23.420. 37 68 7159-7[15xj 174-0] 99-0] [211 [159-2 
33 24.2 21.0 92 I 69.4 60.4 152 114.7 99.7 212 160.0 
33 [2491.6 93 70 261.053 115.500.413 [160.8 
34 [25-7122-3}| g4 7.91.7154 116.201.0014 [161.5 
35 126.412 3-0}| 95 72-7102-3]r55| 117.091.7015 [162.5 
36 [27-2123-6]| 96 72-51$3-®|x56| 217-71192-3/j216 [163.0 
| 37 137-91#4-3]] 97] 73-2 63.6 157 118.5103. 00[z 17 [163.6 
38 fa8. 744.9] g8 | 74-0104-3]158, 119.2103618 [164-5 
29 129-4125 6 99 74-7 64.9 159 1200/1043 [219 165.3 
49 [3.26.2 26.00 75-5 65.6 160 1208 105-0, 220 166.0 
41 30-9[26.9 101 76. 2166.3 7167 121-5 105.6 221 [166.8 
* 31.712760 77.066. 162 | 122.3 106.3 [222 [167.5 
| 43 325,5 23.2 103 77.7 67.6 163 123-0 106.9'[223 [168.3 
44 33-2 28. = | t04 78.5 63 2 164 123.8 107.6 224 169.1 
45 (4029. 5[[ 105 79-2 68.9 165 124.5 108.2 [225 [169 8 
48 134-7139-2{|106 80 069.5166 125.3108 9/226 [170.6 
47 35˙503.8 107 | 30. 870,167 126.1109. 50¾ 227 [171.3 
4 26.231.508 81.3 70.8168 126 8110.2 [228 [172.1 
| 49 3701 321 109 82.3 71.5 169 127.5[110.9/z29 172.8 
2 222 — 11 23. 72.2 170 128.7 111.5 2.30 173-6 
$1 38.5 33-S[{r111 j 33.8J72.8[171J 129.1112 2j[231 [174 3 
$2 [39-2134-1[j112|} $4-5173-5j172| 129.8 112.8, [232 [175.1 
33 [49-01 34-3] [113] 35 3[74-1[173] 130.613. 50233175. 
| 54 [40-81 35-4 14 $6.0174-8|194| 131.3 114.1234776. 6 
35 [42-51 3%-2j{ras | 36.2417 5-5[175| 1321¾71480([235ʃ(177.4 
1 56. [42-3 36.7 1161 87.576.376 132.9115. 4236178. 
$7 143:0[37-4[1r17 | $8.3þ77-21[177| 133.6116237 [178.9 
$8 [43-8135 o[[y13 | 39,2f77-4[178| 134 3þ116-3} [238 [139.6 
85 44.5 38.7 119 $9.3 78. 11179 235-1 117441239 180.4 
- 60 [49-3] 394 — Bn 78 7þ130 Tn he, 191.1 
DLS. CB Dep. | L.. Bin Pep. Tr 


Dil Dee: 


224.9 


Dep. | 


158.1 
158.7 
159-4 
160.0 
160,7 
161.4 
162.0 
162.7 
16 

164.5 
I 164.6 
165.3 
166.0 
166.6 
167.3 
167.9 
168.6 
169.2 
169.9 
170.5 
171.2 
171. 

172.5 
17 3.2 
173.8 
1745 
175.1 
175.8] 
I 76.4 
177.1 
177.8 
178.4 
179.1 
279.7 
180.4 
181.0 
181.7 
182.4 
183. o 
183.7 
184.3 
1850 
185.6 
186.3 
186 9 
187.6 
188.3 
189.9 
189.6 
190.9 
1 91.5 
192.2 
1920 
193-5 
194-2 
194-5 
195+ 
196.1 


—— ——_——— 


For 49 Peg. 


Lat. 


| Difference of Latitude and Departure for 42 Degrees. 
OY, [4s Dep Dit Lat. Dep Diſt) Lat. 3 Diſt] Lat. [Dep. | Dri Lat. Dep. 


507 55.7 51 45.3 40.5 121 89.9 $0.9 TH 134 5]121.1||241 179.0f161.2 
01.5 91.30 62 | 46.1/42·5[122 90.6 81.6182 |135.2]121.3]|242 [798 161.9 
22.2 [02.0 63 46.8142-1]123| 92-4 $2.3]|183 [135.9|122.4||243 | 59-5 162.6 
03.0[92+-7]] 64] 47 5 42.3]124| 92-1] $3.01[184 [136.71123.11 1244. 181,30 1632] 
03.7 193-3} 65 | 45-3]43-5]125| 92˙2 83.6||185 [137.3]123-3] |245 [152-0 163.9 
04. 54.0] 66 | 49-2{43-21126 93-6] 84.3186 |138.2]124.4| [246 182.7164 6 
05.2494+7]| 67 49.8144-3$]129| 943 85.0[[:187 [138.91 125.10247 183.5165. 2 
05-9105 40 68 59-5j45-S[128] 95-1 $5.6|[133|139.7|125-8| [248 e 
06.7 06.0 69 $1.3 46.2 129 95-8 $6.3 189 140.4 126.4 249 185. 0166. 

07-4 06.770 52-9 46.8 130 96.6] $7.0 190 [141,11 127-1 250 185.7 7 167.2 5 
oB. 207. 4% 91 | $2-7147-5[131 97-3] 87.6191 [141.9] 127.8251 186, c 5 107.9 Us 
08.908 of} 72| 53-5 48 21132 98.1] 88.3||192 [142.6|128.4|'252 [137-2 168.6 mJ 
09.7198 7]| 73 | 54:2 48.8733 98.8] 89.0093 [143.4|129.1|'253 137.9]1169.3] _- 1 
10.49.40 94 | 55-0]49-5[134| 99:5 89.6194 |[144:1] 129-3] \2 54 [138-7]169.9 i; 
11.110.000 75 55-7159-21r35 | 229-3] 99-3] 1195 [144.91132-51 1255 189.4170. 1. 
11.9010. 7] 76 56.580. 80136 391-0] 91.0096 1456131. 256 198.2 171.3 


* 2 

12,6111.4 77 57.2 51.5 137 101.8 91.7 197 146.3 131.8 257 190.91719 ; 'M 
13-4112-0]| 78 57-9 $2.2|x38 102.5] 92.3||198 [147:1]132-5||258 [191.7172 6} ' F f 
14.112.779 58.7152-9]139| 293-3] 93.0199 147.8]133-T||259 [192-4[173-3] _ ” 
(14.9]13-4]| 80[_59:4[53:5|140| 124:2]_93:7] [200 [148.6 133-3||2bo [193-1117 3-9 9 


15.6014.00 Jr 60.254 2141047] 94-3] [201 [149-31134+5||261 1193 9 174.6 
10.3 014.7 $2 | 60. 954.9142 195+5] 95-0] [202 10.135462 194601753 
23 (17-1 I5.4j| 83 61.7155-51143 106.2] 95.7] [203 [150.8|135.8| 263195 441759 
17.8]16.0 84 62.4456.2 144 107.0] 96.3||204 [151-5]130.5 264 196.1176. 6 
18.601 6.785 63 156.9145 797-7] 97.0005 [152.31137-7 265 196.9 177.3 
19.317.486 63.957· 50146 108.5] 97.7206 [153.00137.8 [266 197.6177.9 

20.118.100 87 | 64. 658.2047199“ 98.3020 153.80138.5 267 198.3178.6 
20.8118.7]| 83] 65.458.948 199-9] 99.0208 154.5139.4%½68199,½29˙3 
21.5 19.4 89 66.159.5 149 110.7 99.7 209 [155-3 139.8 269 199.8 180. 
| zo J 5 go | 66.90 2/50 [l- [210 185.904.3220 200.6180. 6 


1 2 „„ wm w „ 2 122 
IH 80 a 88 IEEE 


Nw NNDGONoNDo 
oO 00% GU +» 


31 23.29.7091 67.660.911 1122101. 0011 155.7141. 2 277 201.3 0181.3 
32 [23-8]22-4\| 92 68.3|61.5|152| 1129101712 [157.51141-8|;272 [292-1 132.0 
33 24.240093 69 162.2153 733-71102.4/j213[158.21142-5)1273 202.8 182.6 
34 25˙3 22794 69.862.954 114-4[103.0[1214 [159.0] 143-2||274 [523*5 183.3 
35 26.023.495 79-6 63.607551 115˙4(103.70215ʃ¾159.7 143.80 275 [04.311840 
36 [26-7124-1]| 96 773 64-2|156| 715-91104-4j[216 [160.51144.5||276 1295-0 134 6 
37 [27-5 24-31] 97 | 72-2194+9[157 116.b|105.0||217 [161.2|145.2|\277 [295 $]155.3 
33 [28.225 4098 72.806 5.51580 1124/1705. 7 218 161.9145. 8278 [206.5 186.0 
39 29.0 26.11] gg} 73'S 66.2159 118.10106. 4219 162.7140. 5279 [207.3 186.6 
40 29.72.8100 74:3 66.9160 118 9/105. 0 220163. 4 147.2 280 [208-01137-3 
ar 30.5274 101 75-0 67.6167 119.10. [221 164.21 147.80[281 208.7188. o 
42 31.2 28.110275 868 20162 120.30 108.4222 164.9 148.5282 209. 5J188.7 
43 131-9 28.8||193 '16.5168.9 163 121. 1109.00 [223 [165.7] 149-2||283 [210.2 139.3 
44 [32,7129-4| [104] 77:3 69.6164 121.8 109.7 [224 166.449.9284 211.0190. 0 
45 |33-4[39-1] [105 78.070 20165 122.6110. 4225167. 110. 50 285 211.7190. 
46 34 2 30.8 [106 78.770. 9166 1233111. 00[226 167.9 151.2286 [212.5J191˙3 
47 34.931.407 79-5 71.6]167| 324+-31121 7j\227 j[168.61151.9 2387 [213-2]192:0] 
48 [35-7132-2j|[108| 8,2723168 124-8]112.4||223 169.4 152.5288 [213-9] 192+7 


49 [36.4|32-8[|109 | 31-0[72-91169 125-51113.1/1229 170.101 53.2289 [21471933 | 0. 
50 37.133501 81.7 73-6}170 126.3113.7([230 [70.911539 290 |*15-41194-9 s 177 
5—1— — — 1 — — 8 — 1 | 


51 [37-91 34-1]|1217 | $2+5174+31171 127.9|124.4\[231 [171.6}154.5j|/291 1219-2 194.7 
52 38.603480 112 | $3.2[74-91}172 127-8|115.1, [232 172. 30155.2292 216.91195-3 

53 [39-4]35-5]|113 | 33:9 75-6]173| 328-5[r15.7] [233 [173-71155-911293 [2377+7 196. 

54 [40.1136.1]|114 | 84.7 76.3]174| 229-3]116.4| [234[173-$]2156.51|294 218.44196.7 
55 (40. 936.80[ 115 23.476.975 33%0[127.1] [235 1174-61157-21[295 [219-17 197.4 
56 [41637 · [re 85.277.617 130.7112. 7023617531579 [296 1219-9 198.00 
57 42.3038˙2 1171 386.978.3177 131˙5 118.4[237176.1158.5297 220.6198 7 
58 43.738.818 87.778.978] 332+21119.71 1238 176.8|159.7||298 [121.4J199˙4 
69 [43.8 39.5719 88.479·6 1790133. 19.7%39 7 ·80139 999 2220. 
10.1120 89.289.218 333-7 120.440 178.3 160.6300 [222.9 200.8 


——— 


it [Dep Lat. Diſt} Dep. Lat [Dit Dep. Lat. Diſt Dep.] Lat. [Dit Dep. Lat 


Difference of Latitude and Departure for 43 Degrees. 
| Ont. Lat. jvep; Dia. Lat. ep Dili] Lat. [Dep. Dith Lat. Dep. Diſt Lat 


Dep. 


— 


1 00. 7 o. 7 61 144+-0]41.6] 121] 88.5] 82.501311132.4/˙23 4/241 176.3] 164.3 
2 01. 501.4 62 45˙3 42.30 122 $9.2 $83.2\|182[133.1]124-1]| 2421177-0j165.0 
3 (oa. a [oz. of 6; [49-1143-c| 123] 96 33.9h183 133.824.801 24301777165. 7 
4 oz. 902.7 64 46.843. 6 124] 99-7] 84.5/84134·6125.5 [344 178.4] 166.4} 
5 [93-7193-4j} 65147-5144-3] 125] 97-4 $5.2||185|135.3]126.2] 245|179-2]167-1] 
6 oa. 404. 10 66 48.3]45.c| 126] 92-1] 85.9 [186 136.0 126.80 246]1 79-9] 167-7 
7 195-1 04.8 67 [+9-2145+7] 127] 92+9 86.6!11187 [136.8]127.5] 247 180.6]168.4 
$ sos. 905. 51 68 149-7 46.4\ 128] 93-6 87.3 188]137.5]128 2 248 181 4]169.1j 
9 06.6 [06.2 6950, 547-1] 129] 94-3 88.0 189 138.2 128.9 249 132.1]169.8} 
10 07. 3J06. 8 70 120477 130] 95-2 88.6 90 139.0129. 5 250 182.8170. 8 
— —— —— —— 122 — — | co -{ — 


773 los. 00.5 7151¼9 [48.4131] 95-5] 89.391 1139-71150-2} 251 183.6]171,2 
12 los. 808.2 -2 |52+7]49-21[| 132} 96-5] 9c-0j192[140-4|13c-9], 252 184.3]171.8] 
13 [99-5 08.9] 73 53 4]49+d 133] 97-3] 90-7 [193}141-3]131-b[ 253 185.0 172.5] 
14 10-2 09.51 74 $4.1]50.5 134 98. o 91.4 11904 |141-9]132+3]' 254 185.8 173.2 
15 600. 2 75 54591512 135 98.7 92.1195 142.0133. 00 255 186.5173.9 
16 11.710.976 55-6 51.8} 136 99-5] 92.7 |[196[143.3 133.8 255 187.2 174.5 
17 12.4 11.6 77 56.3 $2-51}, 137]100-3] 9349714 4134˙3 257 187.9]175.2 
18 113.212.378 |57-© 53.2138 100.9 94-1j198 |144.8{135-v| 258 188.7]175.9 
19 13913. 79 57853-91390 101.7 94.8 192145.51135 71.2591 159-41176.6) 
120 14.8 13.6 80 58.5 $4+-51| 140]102-4 95-5 !2c0 146.3 136.4 260 190.1 $77.3 
>: 115-4114-3]} 81 |59*+2[55-21| 14111932] 96.2 {20: [147-0 137-1] 2611390-9] 178.0 
22 16.1150 82 [99-2|55-9]| 1420103. 96.8 202 |147-71137-7] 2621910 178.6 
23 16.81 5.7 83 60.7]56.6]| 1431104 6 97.5 2-31143-5[138.4! 264[192-31179-3 
24 17.61[16.4]] 84 61.457.301 144[195-3] 98.2 204[149-2[139-1], 264þ193-1 do. o 
25 18.317.185 62.2058. 0 1451060 958.9 2051499 139.80 265 193.8180. 
| 6 19.077.785 62.958. 6% 146 106.8 99.5 206150. 7 140. 2661194+5|181.4 
27 1197 18.4 37 63.6|59.3 1471107. 5[ 100.2 207 [151.4 141.2 26711953 182.1 

28 2.51910 88 64.460. C0 148108. 2 100.9 208152 2741.80 2681960182. 
c 29 21.219.889 65. 1060.7 149109 00101. 209 152.942.5269 196.7183. 
30 2.9 20,3 90 05.5 61.4 150]199-7 102.3 210 1536 143.2 270 19255 184.1 
Pr 22.7291 60.662. 10 1510110. 403.0 411|154-3}44 3-9; 
32 23˙4 21.8 92 67.3[62.7152 111.2103. 6 212155 144.5 


271 198.2 184.8 


| | 2721989 185.5 
| 23 14” | 93 (98-9[63-4|| 1531 111-91 104.3 213 [155->[145-2!) 2931 199-7| 236.2 
2 34 14-9 94 68.7 64.1 1541126 15.214 156.5114591 274 200.4 186.8 
{ 1 35 z5.6 95 69.564.80 15501134 105.7215[157˙2 146.6275 201 187.5 
i 36 26.3 9670. 20550 156}114-11106.4' 216158011473) 296|201+9 188.2 
_ 137 7 570. 9J66.20157ʃ114.8 107.4212 158.7 148.0 277 202.6188. 
0 38 [278 9871.76 581156 10.718 159-4|148.6\ 27802033 129-5 
, 39 28. 520.6 99 [72-4197+5\| 159|316-31108-4; 219 [160-2 149.3 27920400190. 
_ 140 [29:31}27-3}}100 73-1165 211 16c{117-0[109.1| 220[160.9] 150.01 23g 204.8 190 9 
| 41 139-9 10173968. 16117. 7Jicg. S 2210101. 6 1 50. 728120550191. 
42 3 ˙7 102 74.69. 5% 1620118. 5110. 5 222 [162-4 42822002192. 141 
43 1317-4 103175˙3½% 02 163]119-2]111.2\223[163-1] 152.1] 28, [207-01 1930 | 42 
44 [32-2 104 170-1170.9]] 1641 119-9]111.8| 224]163.8]152.7}| 2g841297-7 193-6 143 
a 45 -132+9439-7;105 76-d}71.0]} 165}120,7]112.5|225]164.6]153.4)| 285 208.4|194-3 | #4 
. 46 133-0 31.4010 77.572.300 16612 1.41 13.2 226165. 3154.10 28629921950 45 
147 1344 32.1109 78.373. 167122. 1113.9 227166. o 154.8028 209.9195.7 46 


148 135.132.708 79-017 3.6}} 168] 12249 114.5 228 166.7 155.5 288210. 196. q 
} 49 35-$}3 3-4}|109 {7 9-7[74+3]]| 169|123-0]115.2| 229 156.2] 289/2114197 - 
90 [39-6134.7;1210 30-4175-<|| 170] 124-31 15.9] 230 290|212-11197-7 49 
51 137'3 34.8 j111 81.275˙7 17101251J16.60231 201 212.8198. — 
152 [38-<[35-5112 81.9 76.41720125·80[117.3/ 232 2922136799 51 
SY 38.836.213 $2.6177.1 274% 126 51118. 0 233 9 214.3199 .8 52 | 
Þ| 54 (39-5136-8[114 [53:4]77-7 174127-3] 118.5) 236 29421500. 3 
| 55 [49-2[37-5 1125 [54-2178-4] 1750 128-0[119.5235117 2951275712017] : 
| 56 [41.038.216 84.3]79.1 176128.7 120. oſſz 36 296 216.5201. 4: 
57 [41-7138.9 1117 85-6179.8| 15751129.4] 120.7237 294172202. 5 
58 142-41 39-5 118 86.3 80. 500178J130.2J 121.4238 298 218.0203 ˙2 57 
1 59 43.140.219 87. 0 81.2 179 130.9122. 1/239 299 218.7 2030 
4 60 143 9140.9 20 $7-8181.8] 1$c{131-6|122.7)|246 6 300 [219.4 204. 
[Dit |Dep|Lar. Bi BepſTat Piu Dep. La. Bid Pit Dep. L 

z , 


i= — — 5 


— 
er oo oo en Va Ya 


% 


. Lat | Vep} |Dilt] Lat. Dep] Diſt Lat, ana, 6 Diit] Lat. Des, Diſt] Lat. 
1 foo. 7 oo. 7 61 43-9[42-4}| 121] 87.0] 84.0||181]130.2 125.7 124111734 
2 [01:4]01.4|| 62 44-6[43-1|| 122 * 84.7 | 182[130.9 126.4 24211741 
3 [oz. 202. 10 63] 45-3[43-8|| 123] 88.5 B5.4|| 183]131.6[r27.1][243174.8 
4 0.902. 80 64 | 46-0]44-5|| 124] 89.2] 86.1] | 1841132.41127.8|| 244[175.5 
5 [03.6]03-3]] 65 | 46-8[45-2|| 125] 89.9 $6.8{/} 185}133.1]128,5}| 245|176.2 
6 [94+3]94+2]| 66 47:5]45 80120 90.6 87.5||186]133.8]129.2/|246]176.9 
| 7 |-5-<]24-91] 67] 48-2[46-5|[ 127] 91.4] 88.2/11871134-5[129.911 247|177.7 
8 ſos. 805. 6 68] 48-9[47-2|| 128] 92.1] 88.9 188]135.2]130.6]| 248[178.4 
9 [96.5]06.3]| 69 49-6[47-9]| 129] 92.8 89.6; 189135.9 131.3 [24917915 = 
10 [97-2106.9]| 70] 50-4[43.bt| 130 _93-5] 99-3; | 190[136.71132.0fÞ 250[179.8 Frm 
11 07-9 07.64] 71] $I:1149+-3 131 94-2] 91.0 | 1911137.44132.7 251 180.5 4 
12 08 6008.30 72 81.859132 94.9] 91.7 1792 138.11133-4|| 252[134,3 13399 
13 [99 409.0 73] 52-5159-7]| 133] 95-7] 92.4 1931138.81134-1]| 253]182.0 : 
14 10. 1009.7 74] 53-2[53-4|{ 134] 96-4] 93-1] | 194[139-5]134-8|| 254|182.7 by. 
10. 810.44 75] 5391521} | 135] 97-1 93-8 1951140.3]1 35-4 255 183.4 1 
11.501.076 54752800136 97.8 94.509614 1.136.202 560184 2 1 
12.211.80 77 55·4/53·•5( 137] 98-5] 952[197]141.7136.80257J184.9 4 
12.9]12.5]| 78 56.1154 2j| 138] 99-3] 95-9| | 198[142.4[137-5j] 258]185.6 1 
13.713.279 56.8549 139100. 0 96.5199143. 1138.22 591863 70 
14.4|13-9]| 80 57-5155} 140[100.7] 92.2 |200[143.9]138.9|| 26o[ 187.0 9 
15.114.060 81] 68.35.30 141]101.4] 97-9] |2011144.6[139.6]] 261 187.7 1 
15.8] 2593 $2} 59.0 570111421102.1 98.6 2c2[145.3[140.3}} 262$188.4 \ NY 
16.5 16.0% 83 59.7577 143[102.9] 99.3 |203[146.0]141.0 263189.2 155 
17.316.784 60.458.3,144 103.6100. o 204146.7 141.7264189. 9 an 
18.017.485 61-1159-01 | 145[104-3]100.7|[205[147-5]142.4|| 265| 190.6 35 
18,7]18.4]; 86 61.959 71460105. 0101. 4 | 206[148.2[143 1026619 1.3 15 
| 19.4 [8.8 87 62.6 60.4 147110577 102.1 207 148.9 143.8 267 192,1 % 1 
| 20,1]19-4]| $8] 63.3]91.1}| ;4${:06.51102.8|| 208]149-6144-5]|268]192.8 1 
| 20.9]20.s1 89 640 61.8 1491107.2 103.5 209 150.3 1452 269 193.5 7 
; 21.6120. 80 90 47 52.5 1500107. 9104.2 [210151.1J145.9 [2701 194.2 
; 22.3121-5]| g1} 65.3193-2;|151]108 61104.9||211[151.8]146.6]|271]194.9 3 
7 23.0022. 2 2 66. 263.9 1521709.3 105.6212152. 5147.3 2721195. 6 1 
5 23.722993 66.64.60 153]110,1f106.3||213[153 2[147.9||2731[196.4 © 
; 24.523.694 67.65.31 1541110-8[107.0||2141153-91148.6}| 274Þ 197.1 
- 25 224.3095 68.3166.0|| 15;]111.51107.7||215)154-61149.3]| 275) 197.8 
9 25 925.00 96 69.1066. 1560112. 2 108.4 216/155.4J 750.9276 198.5 
5 26.025.797 69.867.4 | 157[112.9]109.1}|219|156.1]150.7|| 277] 199.2 
A 27.3126.4]| 98] 70. 568.1 158 113.6109. [218156 851.4278200. o 
g 28.1 27.1 99] 71.2 68.8 159 114.4 110.4 219 157.5 152.1 | 27912007 
” 28.8 228/000 71.9]69-5;] 160[115.1]111-1:t220[158.2[152.2|| 28c[201.4 
3 | 29.5028. 5% 101 72.670 . 161]115.8 11180221 159. 0153.5 [2810 202.1 
. 0 | 42 30.2 29.210102 73-4 70.8 162 116.5 112.5222 159.7 I 54.2 232 202.8] 
A: | 43 [39-9]29-9/|[103| 74-I]71-5}| 163] 117-2] 113-2;|2230160.4] 1 54.9 [ 283203. 6 
13 44 31½¼ 30.6104 74.872. 21640118. 00 13.9 2240161. 1155.6 2840204. 3 
5.0 | 45 [32-4131-3}[105| 75-5]72-91|165|118.7]114-6||225|161,8 I56:3|| 285}205.0|þ 
5.7 4 33.132.006 76.273.606 166119. 4115.30 226/162. 6157.00 2851205. 
6.4 47 32.832.607 77.0074.3167 120. 101 16.0227 163.31157.7 [287 206.4 5 
71 48 [34+5]33-3][108] 77.775. 00 168120. 8115.7 (228164. 158.4288207. 2200. o 
* 49 [35-2] 34+v]|10g | 78.475˙7169 121.611.4229 164.7159. 289207. 9200. 
Ta — [39:21 34-71[110 |_79-1176-4\| 1701122. 3 118.1 230|165-4(159-8| | 290]208.6]201-4 
19.1 31 36.735.411 79-$[77-21 |171]123.0] 118.8||231[166.2[160.4|| 291] 209, 3202.1 
9.8 52 37.436.112 80.6177.5] |1721123.7] 119.5] [232[166.9|161.1||292]210 0202.8 
0.5 53 [38.1]36.8 113 81.378.500 1730124.4/ 120.2233767. 6161.802932 10.8203. 5 
51.2 54 38.837.514] 82.79.20 174|125.2| 120.9 2 34|168.3]162.5}1294]211.51204-2 
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A TABLE of the SUN's DECLINAT ION, for the YEARS 
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TO FIND THE 


SUN's DECLINATION 


BY THE 


— 


FOREGOING TABLES. 


ACH page of the foregoing tables contains the ſun's declination for the 
years marked on the top of the page, and is divided into thirteen co- 
lumns; the firſt on the left hand, ſhews the day of the month, and the other 
twelye the months of the year. If it be required to find the ſun's declination 
for any day, as ſuppoſe on the 21ſt of 4agaff, 1804. Firſt, I look for the 
table that has 1804 at the top of it, and then right againſt the 21 day of 
the month, and under Auguſt, I find 129 8', which ſhews the ſun's declina- 
tion to be 12 degrees 8 minutes North, according to the title at the top of 
the column. : : : f | 
IT be ſun's declination in theſe tables being calculated to noon for the me- 
ridian of London, if you ſhould be 93 to the Eaſtward, or to the 
Weſtward of London, or if it be much before or after noon, you mult correct 
by the preceding table thus. | 

Firft, Look out the declination for the given day, and day following; 
ſubtract the leſs from the greater, the remainder is the daily variation. 

Secondly, Obſerve whether the declination be increaſing or decreaſing, 
which you may know thus ; if the declination for the day following the given 
day be greater, then it is increaſing ; but if leſs, it is decreaſing. 

Thirdly, Look for the daily variation in the firſt column of the table, and 
ſee what number ſtands right againſt it under the given degrees of longitude, 
or iime from noon at the bottom, which number is to be uſed as follows. 

If the longitude be Eaſt, or the time before noon, and the declination 
- Increaſing, it muſt be ſubtracted from the declination found in the tables for 
the given day ; but if decreafing, the contrary. | | 

If the longitude be Weſt, or & time after noon, and the declination in- 
creafing, it muſt be added; but if decreaſing, it muſt be ſubtracted; the 
ſum in one caſe, and the remainder in the other will be the ſun's decli- 
nation required. But the following is a more general rule for both time and 


' longitude. 


From December the 2 iſt to March the 22d, and from the 2 iſt of June to 
the 20th of September, add in Eaſt longitude, ſubtract in Weſt; alſo add be- 
fore noon, and ſubtract after noon. | | 

From March the zzd to June the 21ft, and from September the 21ſt to 
December the 2 1ſt, add in Weſt longitude, ſubtract in Eaſt; alſo add after 
noon, and ſubtract before noon, | 
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TABLE or LOGARITHMS |. 
For Numbers regularly increafing from an Unit 
to 10,860, with proportional Parts, by which | 
the Logarithm of any Number leſs than 108,600 
may be W and very found, 
— | _ 8 — | — 
| N. Tn 1 5 N, | * N. | Logar. \ 
| f | : 
1 [0.000000 | 34 | 1531479 67 ]1.826075 | 
2 [0.301030 | 35 1.544068 68 1.8325 909 
3 40.477121 36 | 1.556302 69 [1.838849] 
4 lo. 602060 0 37 1.568202 170 [1.845098 | 
5 [0.698970 -38 1.579784 71 I 851258 
EE 1391.591065 221872222 
7 [o. 845098 40 | 1.602060 | 173 1.863323 
8 o. 903090 41 . 612784 74 1.869232 
9 [0.954242 42 | 1.6232 75 |1-87506: | 
10 | 1.000000 43 | 1.633468 | | 76 [1.880814 
| 12 1.041393 | 44 | 1643453 77 1.886491 
12 1.079181] 45_| 1 653212 1.78 [1-892095}_ 
| 13 [1.113943 46 | 1.662758 : 79 |1.897627 | 
14 1.145128 47 | 1.672098 | 80 [1903090 | 
15 [1.176091 48 | 1.681241 | | 31 | 1.908485 
| 16 [1. e 49 | 1.690196 | - | 82 [1.913814 
17 [1.230449 50 | 1.698970 83 [1.919078 | 
18 2) wt * I. 707570 | 25 1.92427 bi 
19 78754] 1.21 -929419]. 
— TT a —— * 
201.3071040 531724276 9861.934498 
1211.322219 54 | 1.732394 | 37 1.939519 
1 5 1.342423 5s * 740363 88 [1.944483 
23 [1.3 788) Þ- 1.748188 | 89 [1.949390 | 
+ 24 [1.380211 | 57 1.755875 190 1.954424 
25 [1.397940] 8 | 1.763428 | 91 [1.959041 | 
j 26 [1 414973 59 1.70852 | 92 196328814 
47 1.431364 60 | 1.778151 93 968483 
28 [1.447158] . 61) | 1.785330 94 1.973128 
29 1.462398 | 62 | 1.792392| 95 1.977724 
| 30 [1.477121 63 | 1.799340 96 1.982271 
31 4 491 —_ © 64 | 1.806180[ 97 1.986772 
| 32 1 4 65 | 1.812913 | 98 [1.991226 
| 2 Lins 66 | 1.819544 99 1.995635 


[A TABLE or LOGARITHMS, 


Fre a. . * — 


. Rs | 1 > 9 3 | 4 |Dif. 
| 100 | 2.000000] Z 000434 þ . 00868 2.001301 2681734 432 
101 [2.004321 2 004751 2. oog 180}2.0056:9|2 006038 428 
102 |2.008600|2.009026] z 009451 |2.009876| 2 010300 424 
103 | 2.012837 2,0132592. 0136801. 014100 2.014520} 419 
1 104 |[2.017033|2.017451|2-017868| 218284 |2.018700| 416 
105 |2.021189|2.021603|2.022016f2.022428[2.022941\ 412 
106 2. 025 306 2.025715 2.026124 2.026533 2.026942 408 
10% 2.029384 2.029789 2.030195 2.0;0600|2.031004| 404 
1082.03 4242.03 3826 2.034227 2.034628 2.03 5029 400 
109 2.037420 2.037825|2 038223 | 2.038020 2.039017 396 
} 1.0 f2z.04: 393]2 041787 2.042182 2.042575 2 042969| 393 
11112 0453232 045714 2.046105 2.046495 2.046885 389 
1122.049218 2.049606 2.049993 2 · 0380 2. 50766 486 
| 113 | 2-053078| 2.053463|2.0533846[2.654230|2.054613| 382 
I | 114 |2.056905 2.057 2862.057666 z. 05680462. 05 8426 379 | 
115 2.06 698 2.061075 2.06145 22.061829 2.062206 376 
116, 2.064458 2 064832 2.065 205 2.065 58 2.065953 372 
7.068186 2.0685 5 2.068928 2.069298 2.069568 369 
1182.071882 2.07 2250 2.072617 2.72985 2.073352 366 
1119.075547 2.075912 2.076276 2.076640 |2 077004} 363 
120 2-07918112-079543 2.079904 2.80266 2 080626 360 
121 [2.082785 2.083144 2.083 503 2.083801 2.084219 357 
122 2.086360 2 0867 16 2.870% 12.087426 2.087781] 355 
| 223 2.089905 | 2.090258| 2.090611 2.090963 2.091315 
2.093422 | 2.093772 2.094122 2.09447 12, 094820 349 
125 2.096910 2. 97257 2.097604 2.9795 12. 98297 346 
126 2. 100370 2. 100% 15 2.101059 2. 101403 2.101747 343 
127 2. 103804 2. 104145 2. 104487 2.104828 2.105169} 340 
128 2.107210. 10549 2.107888 2.108227 2. 108565 338 
1129 2 1105902. 1109262111262 2.111598 111934| 335 
136 2.113943 2114277 2.114611 2.114944 |2.115278| 333 
131 [2.117271] 2-117603|2.117934|2.118265 2.118595 330 
132 3. 120574 z 1209032 1212312. 121560 2.121888 525 
133 2. 1238522. 1241782. 1245042. 124830 z. 125156 325 
1134 2.127 1052.127429 2.127752. 128076 2.128399 323 
135 J 130334 z. 1306552. 130977. 131298 2.131619 320 
136 2.133539 2.133858 2.134177 2.134496 2.134814 318 | 
137 |2.136721| 2.137037 | 2-137354|2-13707012.137987| 315 
| 238 |2-139979 2.140194. 495855 2.140822 2.141136 314 
139 4.14306 [2.143327 2.143639 2.14395 13.144263 311 
140 2.146128 2.146438 2.146748 2.147058 2. 147367 309 
141 2.149219 2.1495 27 2.149835 2.150142 2. 150449 307 
= 142 2.152288 2.152594|2-15290012 153205|2.153510| 305 
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from 1 to 10860. 
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IN" | 5s 6 8 J. 9 Dif. 
4200 2.002 r66| 2.002598 |2.0030zgG 2.003460] 2.003891 432 
| 101 | 2.006466 |2:000894 |2:007 321} 2.007748] 2.008174 | 428 
4 402 |2.010724|2.011147|2.01157-12.011993] 2.012415] 424 
1032.014940 20153602. 0157792 0161972 016615 419 
1404 2.0191162.019532 02.019947 z. 0203611 2.020775 416 
105 |2 023252 2.523664 2.024075 2.024486 2.024896 412 
1062.027350 2.027757 2.028165 2.028571 2.028978] 408 
107 2. o3 14082. 03 18 22. 0322162z. 032619 2.33021 404 
108 2.035430 2.035 8302.036229 2.036629 2.037028 400 
} 1c9 [2.039414 |2.039811[2.040207| 2.040602] 2.040998 | 96 
} 110 [2 043362 [2.043755 [2.044148]2-044540] 2.044931 393 
4 111 |2:04727; [2.047064 [2.04805 3] 2-· 484422. 048830 389 
112 |2:051152|2.051538|2.051924]2-052309] 2.05 2694] 386 | 
1132.054996 |2.0553378|2.055760|2.056142] 2,056524| 382 
114 [2.058205 [2.059185 |2 059563|2 059942 2.050320 378 
4152.062582 2.06295 82.063333 2.063709 2.06408 3 376 
1162.066326 2.066699 2.06707 10 2.067443] 2.067814] 372 
1172. 70038 z. 7040/2. 707762. 71145 [2.071514] 369 
1182.073718 2.07408 52 07445 102.0748 1612.757182 366 
1 1192.077368 2.077312. 078094 2.078457] 2.078819] 363 | 
120 [2.080987 |2.081347|2.081707|2.082007|2.082426| 360 
4 424 |2-084576|2.084934 |2-085291{2.085647|2.086004| 357 
1422 2,088 1 36|2.088490|2-088845] 2. 089 1982. 0895 52 355 
4 123 2.091667 z, 920182. 923502. 92721 3071] 351 
4 124 |2-095 1692095518 z. 95866 2.096215] 2.096562| 349 
125 |2.098644 |2.098990|2 099335]2 c99681| 2.400026} 346 
| 126 |2.102090{|2.102434|2-102777| 2.103119] . 103452 343 
127 [K. 055 102. 103585 102 106191]2.106531]2.106870| 340 
1282. 108903 2. 109241 z. 1095782. 109916 2. 110253 338 
1292.112270 2. 112605 [2.14 2940 2. 178K. 85 335 
1302. 11561102. 115943 2.116276 2. 116608 2.116940 333 
131 2.118926 2.119256[2.119586|2 119915 2.120245 330 
1322. 1222162. 1225432. 12287 12. 123 198 2.123525 328 
1332.125481. 1258062. 12613 12. 126456 2. 126781] 325 | 
1342.128722 2.129045 [. 1293682. 129690 2. 130012 32 
135 2.131939 2.132366. 1325802. 13290 2.133219 3 
1362.135133 2.13545 12. 1357682. 1360862. 136403 318 
1322.138303 f. 13861802 4389342139249 2.139564 315 
1382. 1414502. 1417632. 142076. 1423892. 142702 314 
1392.144574 2.144885 2.145 962.145 507[2•1458180 311 
140 | 2.147676 2.14798; [2.148294 2.148603 2 148911] 30g 
1412. 1507562. 15 10632. 1513702. 1516762. 151982 307 
142 2.153815 2.154119[2-154424 2.154728 2155032] 305 | 
['& [172 | 207 | 241 | 276 | 310 [|S | 
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12.167317 


19533 


2. 209515 


2.21748 
662.22 


| 2-249549 


12.267172 


© 


2.155336 
2.158362 
2.:61368 


2.164353 


2.170262 
2.173186- 
2.17609: 
2.178977 
2.181844 
2.134691 
2.187521 


2.193125 
2195900 
2.198657 
2.201397 
2. 204120 
2.206826 


2.212188 
2.214844 


25225309 
2.227887 
2230449 
2232928 
2.23552 

[2 250046 


2.243538 
2.545573 
2.247973 
2.250420 
2.352853 
2.255272 
7 
2. 26007 1 
2.262451 
2.264818 


1 
2.158640 
2 NN 
2 161667 
2. 164650 
2.167613 
2. 1705 
2-17 347 
2.176381 


2.179264 
2.182129 


2.184975 
2.187803 
2.190612 
193103 
2.196176 
2. 198932 
2 201670 
2 204391 


2.207096, 


2.215 109 
2·217747 
2.220370 
2.222 76 
2.225568 
2.228144 
2. 230704 
2.233250 
2.235781 
2.238297 
222222 
2.243286 
2.245759 
2.248219 
2 25066 
4.2530 
009 514 
225791 
0 
2.262688 
2 26505 
2-26740 


— C—_Y 


264 


20 


2 


2.155943 
2.158965 
2.161967 
2.164947 
2 167908 
2.170848 
2.1737 

2.176670 
2.179552 
2.182415 
2.185259 
2.188084 


1 


2.193681 
2196453 
2.199206 
2.201943 
2.204603 
2.207365 
2. 210051 
2.212720 


2.215373 
2.218010 


2.220631 
2.223236 
2.225826 
2.228 

— 
2.233504 
* 
2.238548 
2 241048 
2243534 
2.246006 
2, 248464 
2.850908 
2-253338 
2.255755 
2 258158 
2.260548 
2.262925 
2.265290 


2-267 41 


—— 
2.156246 
2.1 — 
2.162266 
2.165244 
2.168203 
2.171141 
2 174060 


2.176959 


2.179839 
2.182700 


2 
2.188366 


2.191171 
2.193959 
2.196729 
2.199481 
2.202216 
2-204933 
2.207634 
2.210319 
2.212986 
2.215638 
2.218273 
2.220892 
2. 223496 
2.226084 
2.228657 
2.231215 
2233787 
1 236285 
, 2.238799 
2.241297 
2.243782 
2.246252 
2.248709 
2.251151 


— 


1 
2.150549 
2.159567 
2.162564 
2-165541 
2.168497 
2.171434 
2.174351 
2.177248 
2.180126 
9 
2.18582 

2.188647 


2.191451 


2.194237 


2. 97005 
2.199755 
2.202488 
2.205204 
2.20790 
2.21058 
2.213252 
2.21 
2.218536 
2.221153 
2.2237 
agen: "44 
2.228913 


2.234011 


2.236537 
2.239049 
2-241546 
2.244030 
2.246499 
2.248954 
2. 251 395 


2.253822 


2.256237 
2.258637 
2. 261025 


2.263399 


2.265761 
2. 268110 


106 [3 


— * 


27 by > * — 


from 


"ta 


— — 
x to 10860. 


C 
| 
| 


x 
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159808 


6 | 2.165838 
3.16 792 
2.171726 
2.174641 
2.177536 
2.180413 
2.183270 
2.186108 
2.188928 
2. 191730 
2.194514 
2.197281 
2. 200029 
2.202761 
2.205475 
2.208173 


2.210853 
2.213518 


2.216166 
2.218798 
2.221414 
2.22401 
| 39 hs 
2.229170 
12.231724 
2.234264 
2.236789 
2.239299 

2.24) 795 
2.244277 
2.240745 
2.249198 
2.251638 
3-25 4004 
2.250477 
2.258877 
2.261263 
2.263636 
2.265996 
| 2.268344 


2.156852 
2.152863 


2157154 
2.180168 
2.163 161 
2.166134 
2.169086 
2.172019 
2.174932 
2.177825 
2.180699 
2.183555 
2.186391 
2.189209 
2192010 
2.194792 
2.197556 
2. 200303 
2.203033 
2.205746 
2.208441 
2.211121 
2.213783 


2.216430 
2.219060 
2.22107; 
2.224274 
2.226858 
2.229426 
2.231979 
2-234517 
2.237041 
2.239550 
2.242044 
2.244574 
2.240991 
2.249443 
2.251881 
2.234.306 
2.256718 
2.259116 
2.261501 
2.263873 
2.266232 


2.268578 


185 


* — 


7 
2.1 


2.180408 


2.: 63460 
2 166430 
2.169380 
2.172:11 
2.175222 
2.178113 
2.180986 
2.183839 
2.186674 
2.189490 
2.19228 
2 
2.197832 
2.200577 
2.20330 
2. 206016 
2.208710 
2.211338 
2.214049 
2.216694 


2.219323 
2.221936 


2.227725 
222068 
2.232234 
2.234779 
2.237292 
2. 239800 
2.242293 
2.244772 
2.247237 
2.249687 
2.252125 
2.254548 
2.2g6958 
2.259355 
2.261739 


2.264109 
2.266467 
2.268812 


5 12.203577 


— 


8 


CT 


2-157759 
2.160769 


2.163757 
2160720 
2.16967 

24751 
2.175512 
2.178401 
2.181272 
2.184123 


2.186956 
2.189771 
2.192567 
2.195346 
2.198107 
2.200850 


| 


2.200286 
2.208979 
2.211654 
2.214314 
2.21695 
2.219585 
2.222196 
2.224792 
2.227372 
2.229938 
2.232488 
2.235023 
2.237544 
2.240050 
2.242541 


| 


2.247482 


252367 
2.254790 
2 257198 
2-2595 | 
2.261970 


2.264346 
2. 266702 


2.269046 


| 158 


211 


2.245019 
2.249932 | 2. 


Sx, 

i 
2.15806 
2.161068 
2.16405 5 
2.167022 
2. 169968 


2.172895 
2.175802 


2.178689 
2.81558 
2.184407 
2.187239 
2.190051 
2.192846 
2.195623 
2.198382 
2.201124. 


2.203848 


2. 3065 56 
24.9247 
2.21921 
2214579 
2.217221 
2. 2 9846 
2.222456 
2.225051 


2.227630 


2.230193 


2.255031 
2.257439 
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A TABLE or LOGARITHMS, 


My 


7 |2-315970 


{be 4 


2.305351 


2.322219 


2.334454 


2.342423 


22558753 
ts: th of bf 


2.278754 
2.281033 
2 283351 


2.285557 
3. 287 80 


2.2922 


Ws 

2.309630 
2.317254 
2.314867 


2.318063 
2.320146 


2.324292 
2.320336 
2.329380 
* 
2.332438 


2. 3236460 


2. 338456 
2.340444 


| 5 "E 


—— 


2. 2697 


2.290035 
i dag 
| 2.299071 
| 2.34 


2.322426 


2. 328583 


2.352375 


2. 272074 
2.27 389 

. 9 
2.2 e 
2. 281260 
2.283527 
2. 288782 
2. 288026 
[2.290757 
2.292478 
2.294687 
884 


1  o- 


2.301247 


2.305 566 
I 307710 
2.30984 3 
2. 378958 
2.374078 
2.3 :6180 
2.318272 
320334 


2.324488 
2.325541 


2.3306 17 
2.332640 
2.334655 
2.330660 
2.338656 
2.340642 
2. 342620 
2.344589 
2.340549 
2,348500 
2.350442 


2.354301 
2.356217 
2.358125 


24 


2.272306 
9 2. 274620 
2.276921 
2.27921! 
2.281488 
2.283753 
2.286007 
2.288249 


ö 


2. 290480 2 


2. 292099 
2.294907 
2.297104 
2. 299289 
2.301464 
2. 303628 
2.305781 
2.307924 
2.310056 
2.31217 

2.314289 
2.316390 
2.318481 
2.320552 
2.322633 
2.324694 |2 
2.320745 
2.328787 
2.3308 19 
2. 333542 
2.334356 

2.336860 2 
2.338855 
2. 340841, 
2.342817 
5 INE 
2.340744 
2.349594 
2.350636 
x: 352568 
2.351493 
2.356408 
2.358316 


42 


LAY 


2. 269980 


* 


2. 77273 
2.272538 
2.274850 
2. 277151 
2.279439 
2.281715 
2.283979 
2.286232 
2.288473 

2.290702 
2.292520 
2.295127 
2.297323 
2. 299 
2.301581 
2.303844 
2.105996 
2. 308 1372 
2. 3 10268 
12.312389 
2.34429 
2.316599 
2.318689 
2.320769 
2.322839 

324899 
2. 326950 
2.328991 
2.331022 
2333044 
2-335056 

«337060 
2.339054 
{ 2.341039 
2.343014 
2 e 


2. 249105 


„ 


2.35 599 


2.358500 


633 


9712 


* 
2 


64... 
2,270446 
2.272770 


3 | 25 
yo oy 


}-,27738 
2,27 

2,281942 
Ser 
2,28 456 


2,2886906 


2290925 
25293141 


2295347 
2.297542 
2299725 
2, 301898 
2.304059 
* es 11 


2,308351 


2,3 10481 
2.31280 
2, 314710 
2,3 16809 
2, 318898 
38977 
2, 323046 
2,325 105 
2327155 
25329194 
2,331 22 
2933324 


2,335257 
2,337 260 


2339253 
22341 237 * 


2.343212 
2.348178 
347135 
2,349083 

2535 1023 

12-352954 
12, 354876 
2, 356790 


2,3886965 


Dif | 


205 


| 233 


226 


232 
230 


228 
227 


54 
2234 
222 
221 
220 
218 
217 
2161 


N 


n 


—³ Aäev 


r 


„ 


from 1 to 10860. 


8 


2,27 3001 
2.275311 
2, 77 09 

2.279895 
2,282 169 
2.284431] 
2, 286681 
2.288920 


2291147 


2.295567 
2,2977661 
2.299943 


2.306425 
12, 308564 
2, 310693 
2,312812 


2731492 


2,3119106 
2,321184 
2,32325 2 


2,329398 
2331427 
2,3753447 


2379451 
2341435 
2.343400 


2,347 330 
2,349278 


25353147 
2,35 5068 
2,3565981 
2,35 8886 


105 


25270679 


12.293353 


12, 304275 


| 2,317018| 


2,32531” | 
2,327359' 


þ 22331630 


2,335458] 
2.347459: 


2,345374 


2351216 


2,270912 

2,27 32343 
2.275542 
2,277838 

2,280123 
2,282396 

2,284656 
2, 286905 
2,289 143 
2,2913692 
2,293584 
2295787 
272297979 
2.300161 
2,302331 
2,304491 
2, 305639 
2,3087782 
2, 310900 
2, 313023 
2,315 130 
22317227, 
2,319314 
2,321391 
2.323458] 
2,3255 16 
2,3275563 

2, 329601 


2, 333649 
2,33 5658 
2-337059 

2.339650 

2.341632 
2,3436066 
2345 570 
2.347525 

2,349472 

2,35 1410 

2353339 

4355 260 

24357172 

2, 359076 


126 


—— 


5 . 
2,271144 


24273404 
27275772 


2, 278067 
2,2803511 
2282622 
2,284882 
2,287 130 
2 289356 

2,2915691 
2,2293804 
2, 296007 
2,298 198 2 
2300378 
2, 302547 
2, 304706 
2, 306854 

2, 308991 
2,3111181 2 
2.313234 


2:315349| 


2,317436| 
2,319522 
2,3215981 2 
\2,323005 
2,325721]2 
2,327767 
2.329805 
2,331832 
2,3338350 
2.335859 
2332888 
2.339849 
2 
2343802 
2,345766 
2.343366 
2.349566 
27535 1603 
23353332 
22355452 [2 
2.357303 


2,3 592662 


2271377 
2, 273096 
2. 276002 
2.278296 
2,2809578 
2,28 2849 
2,2851072 
2 287354 
2289589 
27291813 
2,2940025 
e Foy” 
24841 6; 
2,30059; 2. 
2,302764 
2, 304921 
2, 207068 
2,309 204 
2,311330 
2.313445 
273181 
2.317546 
2,3 19730 
2,3218056 
2,3238711 
2,3259 26 
2.327972 
Se 
2, 332034 
2,3340511 
2, 336059 
2.338058 
2,3408047 
2.342028 
22832 
2,3459652 
2.347915 
2, 349860 
2,35 1796 
2.352844] 
25355 643 
2.357554 
2,3594806 
a, 2 


168 


2,27 1609 | 
2,27 3927 | 


2,270232 


2,278525 1 
2, 28080 
pt. | 

285332 


2,2898121 
2,292034 


2,2942466 
2,2964406 
2.298635 
2.300813 
2,302980, 


2,305 136 
| - 4307282 
2309417 


2,311542 
2, 31365 6 


2,315750 | 
2.317854 


349272 
2% t 
2, 324077 
2, 326131 


2,3284176 
2.330211 


24332230 
2.334253 
2,336260 
2,2 38257 


- ' 
2340246 


24342225, 
2.344196 
2, 34617 
2,348 110 


2.350054 
2,3519894 


353210 
2,3558834 | 
23357744 
2,359640 


9 


2164 


189 


| 
. 


70 7 \ 
* 


— 
4 2 
— 
ONE” 8 
5 1 


I PrazLE or LOGARITHMS, 


— 


8 


No 
'229 


231 


230 


1 


22359835 
20 I oy 
2,5303012 
2, 365488 
. 
25 

2 1068 
2,372912 
2374748 
2370577 
2,378398 
 2,380211 
2,382017 
2,3883815 
2,385 


2, 389166 
25390935 
2,392697 
2,3944452 
2, 396199 
2397940 
2.399574 
2.401401 
2403121 
2,404834 
2,400540 
2,408240 
2.409933 
2, 411620 
2,41 3300 
2414973 
2,416641 
2,418301 
2,419956 
2,42160 
2:423246 


12, 424882 


2,4265 11 


12, 428135 


2,4297552 
2, 431364 
2,4329069 


ö 


173 


2,361917 
2,363800 
2, 365675 
2,367542 
2, 369401 
27371253 
2, 373096 
2.374932 


ö 


2,3785 80 
2, 380392 
2,382 197 
2, 383995 


6052, 385785 
12, 387390 


2,387 568 
2.389343 
2391112 
2,392873 
25394027 
22320324 
77398174 
2399847 
25401573 
2,403 292 
2, 405005 
D 10 
2, 408410 
2,410102 
2.411788 
2,413457 


2, 416807 
2,4184657 
2.420121 
2, 421768 
2,4234 
2425045 


2, 428297 
2, 429914 
2.431525 


17 


2.360025 


2.376759 


2,415 140 


2, 426674 


243313 


2, 360215 
2,362 105 
2, 363988 
2,365 862 
2,36772 
2.369587 
2.371437 
2,37 3280 
25375115 
22370942 
2,378761 
2.380573 
2,382377 
2,3 * 
275385904 
2.387745 
2, 389520 
2, 391288 
2.393048 
2, 394802 
2.396548 
2,398287 
2,400020 
2,401745 
2, 403464 
2,405 176 
2, 406881 
2, 408579 
2,4410271 
2, 411956 
2, 413635 
2418322 
2, 416973 
2,418633 
2, 420286 
2421933 
2.425206 
0 
2, 426836 
2, 428459 
2, 43007 


3 


2 
2,30417 
2,366049 
2.367915 
2.369772 
2,371622 
2:37 3464 
2375298 
2377124 
2.378943 
2, 380754 
2,3825857 
24384353 
2,380142 
2,387923 
2,389698 
2391464 
2,393224 
2, 394977 
2.395722 


2,3984651 
2400192 
2, 401917 
2, 403635 
2,405 346 
2,407051 
2,408749 
2,410440 
2,412124 
2,413803 


2415474 


2417139 
2,4187798 
2, 420450 
2, 422097 
3 
2,425371 
2, 426999 
2,4286621 


2, 430236 


35 | 32 


27393400 


2,4077221 


2.433450 


_- 
1 


4 


2,302482 


2,364363 
2, 3662 36 


2,368101 | 


2, 8 
8 
SR 
2.37730 
2,379124 
2, 380934 
2.382737 
2.384533 


ö 


2388101 
2,389875 
2, 391641 


2, 386321 


2395152 


2.398634 | 
2, 400365 
2, 402089 
2, 403807 
2,4055 17 


2, 08918 
2,41 
2412293 
25413270 
2, 415641 
2, 417306 
2,418964 
2,42061 
2,422261 
2,423901 
2425534 


2.422161“ | 


2,428783 
2,430398 


[Dif] 


WEE | 


2.390896 ] 174 


2,431685] 2,431846 
VP 


— 


F 


— —— 


tn Si i. s CET Y 


—_—— 


from 1 to 10860. 


LAST. ˖ 


| 


* 
2. 350783 

5 2 
2.304551 
2.366423 
2 368287 
2.370143 
2.371991 
2.373831 
2.375664 
2.377488 
2.379306 
2.381115 
2.382917 
2.384712 
2.386499 
2.388279 
2. 390051 
2.391817 
2.393575 
2.395320 
2.397071 


| 2.398808 


2. 4005 38 
2.402261 
2.403978 
2.405688 
24097 9 
2.409087 
2.410777 
2.412461 
2414137 
2.415808 
2.417472 
2.419129 
2.420781 
2.422426 


5 | 2-424005 


2.425697 
2.427324 
2.428944 
2.439559] 


| 2.432167 


2.433779 
86 


6 


| 2.360972 
2.362859 
2.304739 
2.366610 
2.368473 
2.370328 
2.372175 
2˙374015 
2.375846 


2.377670 


2.379487 
2.381296 
2.383097 
2.384891 
2.386677 
2.388456 
2.390228 
2.391993 
2. 3937$1 
2.393501 
222 
2.398981 
2 400711 
404433 
2.404149 
2.405858 
2.407501 
#40945 7 
2.410946 
2.412629 
2.414395 
2.415974 
2.417038 
2.419295 
40945 
2.422590 
2.424228 
2.425860 
2.427486 
2.429106 
2.43070 
2.432328 
2-433930 


104 


7 


—ů ů— 


2.361161 
2: 363048 
2.364926 
2. 366796 
2.368659 
3.370513 
2.372360 
85 2225 
2.3760 

2, 377852 
2.379668 
2.381476 
2.383277 
2.385070 
2.386856 
2.388634 
2.390405 
2.392169 
2.393926 
2.395676 


2.397419 


2.399154 
2.40088 3 


2.402605 
2. 404320 
2.406029 
2.407] 31 
2.409426 
2.411114 
2.412796 
2.414472 
2.416141 
2.417804 
2.419460 
2.421110 
2.422754 
2.424392 
2.426023 
2.427648 
2.429268 
2.430881 


2.432488 2. 


2.434990 


WY ©: 


3 


2. 361350 
2.363236 
2.305113 
2.306983 
2. 368844 
2 370698 
2.372544 
2.374382 
92.376212 
2:378034 
2.379849 
2.381656 
2.383456 
2.385249 
2.387034 
2.388811 
2.390582 
2.392345 
2.394101 
2.395850 


2.397592 


2.399328 
2.401056 
2.402777 
2.404492 
2.400199 
2.407901 
2.409595 
2.411283 
2.412964 
2.414639 
2.416308 
2.417970 
2.419625 
2.421275 
2.422918 
2.42455 

2.42618 

2.427811 
2.429429 


» 


2.361539 | 189 
2363424 
2.365301 
2.367169 
2.369030 
2.370883 
2.372728 
2.374565 
2.376394 
2.378216 
2. 380030 
2.381837 
2.383636 
2.385428 
2 387212 
2.388989 
2.390759 
2.392521 
2.394277 
2.396025 


2.399501 
2.401228 


2.402949 
2.404663 
2.400370 
2.408070 
2.409764 
2.411451 


2.416474 


2.418135 


2.419791 
2.421439 


2.424718 
2.426349 
2.47973 
2.429591 


2.413132 | 
2.414806 | 


N 


2.423082 | 


2.397760 


Y 
— 
” 


— 


8 


— 


A TABLE or LOGARITHMS, 


8 
2 


N 
0 
00 


304 


O 


2.434569 
2.436163 
2.43775! 
2.439333 
2.440909 
2.442480 
2.444045 
2.445004 
2 447158 
2 448706 


]2-459249 


2.451786 
453318 
2.454845 
2 456366 
2.457882 
2.459392 


2.460898 


> | 2.402398 


2.463893 
2.465383 
2.466868 


2.468347 
2.469822 


96 2.471292 


2.472756 
2.474216 
2.475671 

2.477121 

2 478506 
2.480007 
2.481443 
2 482874] 
2.484.300 
2.455721 

2.487138 
2.488551 

2.489958 
2,4391362 
2.492760 
2.494155 

2.495544 
2.490930 


14S 


2.434729 
2.436322 
2 437909 
2.439491 
2.441066 
2.442637 
2.444201 
2.445760 
2.447313 
2.448861 
5:43 0493 
2:45 94 
$45 3471 
2.454997 
2.450518 
2.458033 
2 459543 
2 461048 
2.462548 
2.464042 
2.465 5 32 
2.467016 
2.468495 
2.469969 
2.471433 
2.472903 
2.474302 
2.475816 
2.477266 
2.478711 
2.480151 
2.481586 
2.483016 
2.484442 
2.485 863 
2 487280 
2.488692 
#-4 90099 
2.491502 
2. 492900 
2.494294 
2.495683 
2.497053 


3D. 6 


2 
2.434888 
2.436481 
2.438067 
2.439048 
2 441224 
2.443793 
2444357 
2.441915 
2.447468 
2.449015 
2.459557 
2.45 2093 
2.453624 
2.455150 
2 456670 
2.458184 
2.459694 
2.461198 
2.462697 
2.464191 
2.465680 
2.467164 
2.468643 
2.470116 
2.471585 
2.47 3049 
2.474508 
2.475962 
2.477411 
2.478855 
2.4*0294 
2 481729 
2.483159 
2.484534 
2.486005 
2.487421 
2.483833 
2.490239 
2 491642 
2.493040 
2.494433 
2495822 
2.497200 


22 


— — 


3 
2.435048 
2.436640 
2.438226 
2.439806 
2.441381 
214958 
2 444593 
2.446071 
2.447623 
2.449170 
2.450711 
2452247 
2545777 
2483388 
2.456821 
2458336 
2.459845 
2.461348 
2.462847 
2.464340 
2.465829 
2.467312 
2.468790 
2.470263 
2.471732 
2.473195 
2.474053 
2.476107 
2.477555 
2 478999 
2.480438 
2.481872 
2.483302 
2.484727 
2.486147 
2.487 563 


2488973 


2. 490380 
2.491782 
2.493179 
2.494572 
2495900 
2:497344 


1 44 


4 
2.435 207 


2.436799 


2.438384 


2.439964 


2.441538 
2.443106 
2.444069 
2.440226 
2.447778 


2.442224 


2.450865 
2.45 2400 
2.453930 
2.45 
2.45 
2.453487 
2.459995 
2.461499 
2.462997 
2.464490 
2-405977 


5454] | 
6973 


2.467460| 148 


2.468938 
2.470410 


2.471878 


2.473341 
| 2:474799 
2.476252 
2477700 
2.479143 
2.480582 
2.482016 
2.483445 
2.484869 
2.4862 89 
2.487704 
2.489114 
2. 4905 20 
2491922 
2.493319 
2494711 


2.495099 
2.497483 


x 


. 


39 


Dif. 


—_ 


— 


W . 


from 1 to 10860. 


5 


2.435307 
2.430957 


2.438542 
2.440122 


2.441695 
2.443203 
2.444825 


2.446382 


2.447933 
2.449478 


2.451018 


2.452553 
2.45 4082 
2.45 5606 
2.437125 
2.458638 
2.460146 
2.461649 
2.463146 
2.46 4639 
2.466 126 
2.467608 
2.469085 
2.470557 
2.47 2025 ö 
2.473487 
2.474944 
2.470397 
2.477844 
2.479287 


2.480725 
2.482159 


2.483587 
2.485011 


6 | 2.486430 


2.487845 
2.489255 
2.490001 


2.492062 
2.493478 
2.4948 50 


2 496238 


12.497621 


YEE 
r — 


6 


2.435526 
2.437116 
2.438701 
2.440279 
2.441852 
2.443419 
2.444981 
2.440537 
2.448088 
2-449633 
2.451172 
2.452706 
2.454235 
2.455758 
2.457276 
2.458789 
2.460296 
2.461799 
2.463296 
2.464788 
2.466274 


2.467750 
2.469233 
2.470704 
2.472171 
2.473633 
2.475090 
2.470542 
2.477989 


2.479431 
2.480869 
2.482302 


2.483730 
2485153 
2.4865 72 
1805 
2.487986 
2.489396 
2.490801 
2.492201 
2.422528 
2.494989 
2.496370 


2.497759 |2-497897 
104 


2 
2.435685 
2.437275 
2.438859 
29437 
2.442009 
2.443570 
2-445 3.37 
2.440692 
2.448242 
2.442787 
2.45 1326 
2.452859 
2.454337 
3.445990 
2-457428 
2-458940 
2.460447 
2.461948 
2.463445 
2.464936 
2.466423 
2.407904 
2. 469380 
2.470851 
2.472318 
2.473779 
2.475235 
2.470687 
2.478133 
2.479575 
2.481012 
2.432445 
2.483872 
2.485295 
2.486714 
2.488127 
2.489537 
249990 
2.492341 
2.493737 
2.495128 
2.496514 


= 


2.435844 
2.437433 
2.439017 
2.449594 
2.442166 
2.4437 32 
2.445293 
2.440848 
2.448397 
2.449941 
245179 
2.453012 
2 454540 
2.456002 
2.457579 
2.459091 
2.460597 
2.462098 
2.463594 
2.405085 
2.466571 


2.468052 
2.469527 
2.470998 
2.472464 
2.473925 
2.475381 
2.476832 
2.478278 
1220 
2.481156 
2.482588. 


2.484015 
2.485437 
2.48685 5 
2 
2.439077 

2.491981 
2 492481 
2.493876 
2.495207 
2.495653 
2. 498035 


* 


9 


2.436004 


2.437592 
2.439175 
2.440752 
2.442323 
2.443889 
2445 449 
2.447003 
2.443552 


2.450095 


2.451033 
2.453165 
2.454592 
2.456214 
2457731 
2.459242 
2.460748 
2.462248 
2.463741 
2.465234 
2.4667 19 
2.468 200 
2.469675 
2.472610 
2.474071 
2.475520 
2.476976 
2 
2.479863 
2.481299 


2.482731 


2.484157! 
2.485579 


2.480997) | 


2.488410 
2.4898 18 


2491222 
2.492621 


2.494015 
2.495406 


2.428173 


118-| 


INE 


2.496791]. 


— 


* 
— 


K 


8 


— 


* 


— 


A TABL 


„6 


E or LOGARITHMS, 


No 
315 
316 
317 
1318 
319 
320 
321 
322 
1323 

221 
32 
32 
327 
328 
329 
330 
* 
332 
333 
334 
335 


336 
337 
338 
339 
349 
341 
1342 
1343 
134 
345 
346 
347 
1348 
} 349 
350 
351 
352 
353 
354 
355 
356 
_357 
Dif 


2 
2.52244 

2.52374 

2.525045 
2.5 26339 
2.527630 
2.528917 
2. 5 30200 
2.531479 
2.532754 
2.534020, 
2.535294 
2.536558 
2.537819 
2.539076 


O 


2.498311 
2.499687 
2.501059 
2.502427 
2.503791 
2.505 150 
2. 5055905 
2.307856 
2-509203 
#+5 20545 
2.511883 
2 513218 
2.514548 
2.515874 
2.5:9196 
2.518514 


2.519828 
521138 


2.540329 


2.541579 
2.542825 
2 544068 
2.545307 
25465 43 
2.547775 
3549003 
2 550228 
2.551450 
2.552668 


129 


3 


2 498448 
2 499824 
2.501196 
2.502564 
2.503927 
2. 505 286 
2.506640 
2.507991 
2.509337 
2.510679 
2 512017 
2.513351 
2.514680 
2. 5 16006 
2.5 17328 
2.518646 
2 519959 
2.521269 
2.522575 
2.523876 
i Ab De ta, 
2.526469 
2.527759 
2.529045 
2-5 30328 
2.531607 
2.532882 
2.534153 
2.535421 
2.536685 
2.537945 
2. 5 39202 
2.540455 
2.541704 
2.542950 
2.544192 
2.545431 
2.546666 
2.547898 
2.549126 
2.550351 
2.551572 
3 


We. 


2, 
2.498586 
2.499962 
2881833 
2.502700 
2.504063 
2.505421 
2.506776 
2.508126 
2<S 0047.3 
2 510813 
2.512151 
2.513484 
2.514813 
2.516139 
2.517460 
2.518777 
2.5 20090 
2.521400 
2.522705 
2.524000 
323 
2.526598 
2.5 27888 
2.59774 
2.530456 
2.531734 
2.5 33009 
2-534280 
2.535547 
2.530811 
2.538071 
2.539327 
2-540580 
2.541829 
2.543074 
2.544316 
576 >) 
2.545789 
2.548021 
2.549249 
2.550473 
2.55 1694 


2.552911 


3 
2.498724 
2.500099 
2.501470 
2.502837 
2.504199 
2.505557 
2.506911 
2.508260 
2.509606 
2.510947 
2.512284 
2.513617 
2:514946 
2.516271 
3 
2.518909 
2.520221 
2.521530 
2.522835 
2.5 24136 
2 
2.526727 
2.528016 
2592 
12.530584 
2.531862 
2.533136 
2.534407 
2.535674 
2.530937 
2.538197 
9 
2.540705 
2.541953 
2.543199 
2.544440 
2.545678 
2.546913 
2.548144 
$-549371 
2.5 50095 
2.551816 
3 353233 


. 


CT Se 


* 1 


1 


y 


4 


77758885 
2.500236 
2 501607 
238973 
3913535 
2.505693 
2. 50046 
2.508395 
2.509740 
of > Leak 
2 512418 
2513750 
515079 
2.5 16403 
Ee” bal & nw? 
2.519040 
2.520353 
2.521661 
2.522966 
2 524266 
2.525503 
2.5 26856 
2.528145 
252949 
2.530712 
2.531990 
2.533204 
2.534534 
2.535500, 
2 537063 
2.538322 
2.539578 
2.540830 
2.542078 
2.543323 
2 544564 
2.545502 
2.547036 
2.548267 
2.349494 
2.559717 
2.554938 
2892 


2 


Dif. 
138 
137 
137 
136 
136 
136 
135 
135 
134 
134 
133 
133 
123 
132 
132 
132 
131 
131 
130 
130 

22 
129 
129 
128 
128 
128 
127 
127 
1261 
126 
126 
125 
125 


124 
124 
123 
123 


— — 


from 1 to 10860. 


315 


| 319 
| 320 


325 


"_ 


2.498999 
2.500374 
2.0 
2. 503109 
2.504471 
2 505828 
2.507181 
2. 5085 30 
2.509874 
2.511215 
2 512551 
2.513883 
2.515211 
2.516535 
2.517855 


> [2.519171 


2.520483 
2.521792 
2.5 23096 
2.524396 
2.525693 
2.526985 
2.528274 
2329359 
2. 5 30840 
2.532117 


2.533391 
2.5 346061 


2.535927 


2537189 
2.538448 


2-5 39703 
2.540955 


2.542203 


2.543447 
2.544688 


6 


2.499037 
2.500511 
2.501880 
2.503246 
2.504607 
2.505964 
2.507316 
2.508664 
2.510009 


2.511349 


2.512684 
2.514016 
2.515344 
2.5 16668 
2.517987 
2.519303 
2.520014 
2.521922 
2.523226 
2.524526 
2.525822 
2.527114 
2.528402 
2, 529687 
2.5 30968 
2.532245 
2.533518 
2.534787 
2.536053 
2-$37315 
2.538574 
2.839829 
2.541080 
2.542327 
2•54357 
2.544812 
2.545049 
2.547282 
2.5485 12 
2.549739 
2.550952 
2.552181 
25 


2.541205 


2 


— In cu araa ooo 


29975 
2.500048 
2.502017 
2.503382 
2.504743 
2.506099 
2.507471 
2.508799 


2.512818 
2.514149 
2.515470 
2.516800 
2 518119 
2.519434 
2.520745 
2.522053 
2 523356 
2.524656 
2.525951 
2.527243 
2.528531 
2.529815 
2. 5 31096 
2 532372 
2.533645 
2 534914 
2.536179 
2.537441 
2.538099 


2.539954 


2.542452 
2.543696 
2.544936 
2.540172 
2 547405 
2.848835 
2.549851 
2.551084 
2.552303 
2.5535 19 


T7 | 


|2-516932 


8 
2.499412 
2.500785 
2.502154 
2 503518 
2.504878 
2.500234 
2.507586 
2.508934 


2.510277 
2.511616 


2.512951 
2.514282 
2.515609 


2 518251 
2.519505 
2.520876 
2.522183 
2.523486 
2.524785 
2.526081 
2.527372 
2.5 28660 
2.529943 
2.531223 
2.532500 
2.533772 
2.535041 
2. 5 36306 
2.537567 
2.538825 
2 540079 
2.541330 
2 
2.543820 
2.54060 
2.546296 
2.547529 
779 
2.549984 
2.551206 
2.552425 
8.0 


9 
2.499550 


2.502291 
2 503655 
2.505014 
2.506370 
2.507721 
2 — 
2.510411 
2.511750 
2.513084 
2.514415 


2.5 17064 
2.518382 
2.519697 
2.521007 
2.522314 
2.523616 
2.524915 
2.526210 
2.5275ci 
2.528788 
2. 5 30072 
2.531351 
2.532627 
2.533599 
2.535167 
2.530432 
2.537693 
2.538951 
2.542204 
24541454 
2.542701 
2.543944 
2-545183 
2.540419 
2.547058 
2.548381 
2.550106 
2 551328 
2.552547 
2.553702 


2.500922 | 


2.515741 


| 103 | 


go 


116 


3 


= 


** 


A TABLE or LOGARIT HMS, 


302 


wat 
by 


* 
om TC 


8 


a 359] 


23 | 


0 


2.553885 


233 
2.556302 
552897 
2.558709 
259997 
2.561101 
2.552293 
2.563481 
2.554666 


| 368 [2.555848 


3 
2.568202 
2.569374 
12037343 
2-571709 
2.572872 
2.574031 
2.575188 
2.576341 


— [2377497 


2.578639 
2.579784 
2.580925 
2.582263 
2-583199 
2.584331 
2.585461 
2.586587 
2.587711 
2. 588832 


2.591065 
2.592177 
2.593226 
2.594393 
2.59549 
2590597 
2.597695 
2.598791 
2.599883 
2.600973 


2.539950 


2.554204 
2.555215 
1 
2.557027 | 
2.558829 
2. 5500262 
2.361221 
2.552412 

2.553600 
2-564784| 


2.565966 | 


2.507 144 
23939 
2.56929 
2.570650 
2.57182 5 
2.572958 
2-574147 
2575403 
2576457 
— . 
2.578754 
2.579898 
2.581079 
2.582177 
253312 
2.53344 
2.587524 
2.586700 
2.587823 
2.588944 
2.5900 
921 
2.592288 
2593397 
2594503 
2.595606 
2.59670” 


2.597805 


2. 598900 
2˙5 

2.5070 / 
602060] 2.602 169 


= 


2.554126 
2.555336 
2.555843 
2.557748 
ba 558948 
. 0014 
+ th 
2.562531 
2. 563718 
— 4203 
2.566084 
2.567 26202 
2.468436 
2.569608 
2.570 76 
2571942 
2.573104 
2.574263 
2575419 
2.570572 
2.079732 
2.578868 
2.580012 
2.581153 
2.582291 
2.583426 
2. 524957 
2.585686 
2. 5 86812 
2. 585955 
2.589056 
1 — — 32173 
62.591287 
2.592399 
2.593508 
2 2 
275922 
2.596817 
2.597914 
ee A 
2.600 101 
2.601191 
2.602277 


— 


„ 


| 


WIS 


— I eonegntn a eu nag 


2.554247 
2.555457 
2. 5565964 
2.557808 
2.559008 


62.560265 


2.561459 
2.562650 
2.503837 
2.565021 
2.500202 
567379 
2. 568554 
2.569725 
15 570893 
2.572058 
2.573220 
574379 
2. 28835 
2.575687 
2.577830 
2.578983 
2.5 80120 
2.581267 
2.582404 
2.583539] 
2.58467 
2.585799 
2.586925 
2. 588047 
2. 589167 
2. 2.590284 


may 2.591399 
2.592510 
2.593918 
2.594724 
2.598827 
2.596927 
2.598024 

599119 
EZ. GO 2 10 
2.601299 
2.602386 
— 


— 44: 


11 4 


23 


* 


BF 


2:555578 
2.556785 
2.557988 
2.559188 
2.500385 
2.561578 
2.562769 


2.565139] 210 
2.566320} 177 
2.567197 
2.56867 1 
2 569842 
2.571010 
2.572174 
2.573336 
2.574494 
2.575059 
2.575802 
2.228 | 115 
2:579097 | 114 
2.580240 
2.581381 


2.582518 
2.583052 
2.584783 

2.588912 


2.587037 


2.589279 
2.590396 


2591510 
2.592021 


2.594834 
2 595937 


2.563955 


—_— 


2.593729 


2.554368 


174 


2 


from 1 to 10860. 


ä 


212— 


8 | 2.57 8006 


2 
oo 
© 


2.564074 


6 | 2.57576; 


$ | 2.589391 
2.590507 


6 [2.598243 


OS: 
2-554489 
2.555099 
2.556gog 
2.558108 
2.559308 
2. 560504 

| 
2.561698 
2.562887 


2.505257 
2.500437, 
2.567614 
2.568788 
2.569959 
2 571126 
2.572291 
2.573452 
2.574610 


2.576917 


2.579212 
2.580355 
2.581495 
2.5 82631 
2.583705 
2.584896 
2.5 86024 
2.587 149 
2.588272 


2.591621 
2592732 
2.593840 
2.594945 
2.596047 
2.57146 


2.599337 
2 600428 


2.601517 
2.602603 


2 | 
2.554010 
2.555820 
2.557026 
2.558228 


2.559428 
2.500624 


2.561817 
2.563006 
2.504192 
2.565376 
2.56655 5 
2.567732 
2.568905 
2.570076 
2.571243 
2.572407 
2.573508 
2.574720 
2.575880 
2.577032, 
2.578181 
2.579326 
2.580469 
2.581608 
2.582745 
2.583879 
2.585009 
2.586137 
2.587262 
2.588384 
2.589503 
2.590519 


2.591732 
2.592843 
2. 93950 
2.595055 
2.595157 
2.597256 
2.598353 
2.599446 
2.6005 37 
2.601625 


2.602711 


| 57 


e 


T | 


2 
2.355942 
2-557146 
2.558349 
2-559543; 
2.500743 
2.561936 
2.863125 
2.504311 
2.505494] 
2.560673 
2.567849 
2.569023 
2.570193 
3.871359 
2.572523; 
2.573084! 
2.574841 
2.375996 
2.577147 
579205 
2.579441 
2.580583 
2.581722 
2.582858 
2.583992 
2.585 122 


2.587374 
2.588496 
2.589615 
2.59073 
2.531843 
2.59954 
2.594061 
2.595165 
2.596267. 
2.597366 
2.598462 
2.599550 
2.00046 
2.651734 
2.602819 | 


on - 


* 


2.586250 


2.595377 


8 | 
2.554852 
2.556051 
2.557267 
2558469 
2.559607 
2.560863 
2.562055 
2.363244 
2.564429 
2.565612 
2.566791 
2. 967967 
2.569140 
2378 
2.57147 
2.572639 
2.573800 
4-3 74957 
2.576111 
2.577202 
2.578410 
2.579555 
2. 5 80597 
2.5 81836 
2.532972 
2.584105 
2.585235 
2.586362 
2.587486 
2.5 88608 
2.529720 
2.590842 


2.591955 
2.593064. 
2.59471 
2.595276 


2.597476 
2.598572 
2.599665 
2.000755 
2.601843 
2.602928 


QI 


9 


2-554973 | 
2.556182 
2.557387 
2.358589 
2.559787 
2.560582 
2.502174 
2.563362 
2.564548 
2.55573 
2.555909 
2.568084 


2.569257 


2.570426 


2.571592 


2.572755 
2573915 
237072 
2.576226 
2577277 
2-578525| 
2.579069 | 
2. 5 8081114 
2.581950 


2.583085 


2.584218 
2.585348] 
2.586475 
2.587599 
2.588720 
2.589838 
2.390953 
2.592066 
29977 
2.59428: 
2.595386 
2.596487 
2.597585 


2.599774 
2.600864 


2.601951 
2.603036 


102 


2.598681 11 


* 


— em 


- 


od 


— 


A TABLE or LOGARITHMS, 


Ne 
— = 
402 
423 
404 
| 495 
11 
407 
408 
409 


411 
412 
413 
4.4 

415 
416 
417 
4 418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
432 
434 
435 
| 436 
437 
438 
1 439 
449 


| 


442 
443 


Dif. 


o6 [2.608526 


441- 


3 9M 
2.6 3144 
2.604 226 


2.605 305 
2.600381 


2.607455 


2.609594 
2.610660 


2.611723 
2.612784 
2.813842 
2.614897 
2 615950 
2.617000 
2.618048 
2.6 9093 
2.620136 
2.621176 
2.622214 
2.623249 
2.624282 
2.625312 
2.626340 
2.627366 
2.628389 
2.629410 
2.630428 
2.031444 
2.632457 
2.633468 
2.034477 
2.635434 
2.636488 
2.637490 
2.638 189 
2.639486 
2.640481 
2.641474 
2.642465 
2.043453 
2.044439 
2.045422 


2.646404 


BS - 


| 


8 
2.603253 


2.604334 


2.605413 
2.600489 
2.607562 
2.608633 
2.609701 
2.610767 
2.611829 
2.612890 


2.613947 
2.615003 
2.61605 5 
2.617105 
2.618153 
2.619198 
2.620240 
2.621280 
2.622318 
2.62335 3 
2.624389 
2.025415 
2.626443 
2.627468 
2.628491 
2.629512 
2. 6305 30 
2.631545 
2.032559 
2.033569 
2.634578 
2.635584 
2.636588 
2.637590 
2.6385 89 
2.639586 
2.640581 
2.641573 
2.642563 
2.043551 
2.044537 
2.045521 
2.646502 


10 


| 


| 


| 2 

2.603361 
2.604442 
2.605521 
2.606596 
2.607669 
2.608730 
2.609808 
2.610873 
2.611930 
2.612996 


2.614053 
2.615108 
2.616160 
2.017210 
2.618257 
2.619302 
2.620344 
2.621384 
2.627421 
2.623456 
2.6 4488 
2.625518 
2.626546 
2.027571 
2.628593 
2.629613 
2.630531 
2.631647 
2.032660 
2.633670 
2.034679 
2.635685 
2.036688 
2 637690 
2.638689 
2.639686 
2.640680 
2.641672 
2.642662 
2.643650 
of Hr 
2.645619 
2.646600 


21 | 


| 


þ 


5 
2 603469 


2.607777 
2.608847 
2 609914 


2.6109-9 
2.612042 


2.613102 


2.614159 
2.615213 


2.616265 
2.017315 
2.618362 
2.61946 
2.620448 
2.621488 
2 622525 
2.623559 
2.624591 
2.625621 
2.626648 
2.627673 
2.628695 


2.629715 
2.630733 
2.631748 
2.632761 
2.033771 
2.034779 
2.635785 
2.636789 
2.037790 
2.638789 
2.039785 
2 640779 
2.041771 
2.642761 
2.643749 
2.644734 
2 645717 
2.646698 


LAY, 


2.6045 502. 
2.605628 12. 
2.606704 2. 


2.612148 
2.613207 
2.614264 
2.615319 
2.616370 
2.61 420 
7.618466 
2.619511 
2.620552 
2.621592 
2.622028 
2.623663 
. 
2.625724 
2.626751 


2.627775 


2.628797 
2.629817 


2.630835 
2.631849 
2.632862 
2.63387 
2.534880 
2.635886 


2.636889 
2.637890 
2.638888 
2.639885 
2.640879 
2.641871 
2.642860 
2.043847 
2.644832 
2.645815 
2.646796 


| 


ö 


2 


1 


108 


108 
108 | 
107 
107 | 
107 
107 
106 
106 
106 

106 
105 
105 
105 
105 


| 


41 


— 


* 


from 1 to 10860. 


on 


2.024798 


2.035986 


2. 603686 
2.60% 66 
2.605 844 
2.606919 
2.607991 
2.609061 
2.610128 
2.611192 
2.612254 
2.613313 
2.614370 
2.015424 
2.616476 
2.617525 
2.618571 
2.619615 
3 
2.621695 
2.622732 
2.623766 


2.225827 
2.226853 
2.627878 
2. 628900 
2.629919 
2.630936 
2.631951 
2.632963 
2.633973 
2.634981 


2.636989 
2.637990 
2.638988 
2.639984 
2.640978 
2.941970 
2.042959 
2.043946 


6 
2.603794 
2.604874 
2.605951 
2.607026 
2.608098 
2.609167 
2.610234 
2.611298 
2.612360 


2.613419 


2.014475 


2.015529 
2.616581 


2.617629 
2.618670 
2.019719 
2.620760 
2.021799 
2.622835 
2.623869 
2.624901 


2.625929 
2.626956 
2.627980 
2.629002 
2.630021 
2.631038 
2.632052 
2.633064 
2.034074 
2.635081 
2.636087 


2.637089 
2.638090 
2.039088 
2.640084. 
2.641077 
2.642069 


2.644044 
2.645029 
2.646011 
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2.603902. 
2.604982 
2.606059 
2.607133 
2.608205 
2.609274 
2.610341 
2.011405 
2.612466 
2.613525 
2.614581 
4618050 
2.616686 
2.617734 
2.618780 
2.619824 
2.620864 
2.621903 
2.622939 
2.623973 
2.625004 
2.626032 
2.627058 
2.628082 
2.629104 
2.630123 
2.631139 
2.032153 
2.633165 
2.034175 
2.035182 
2.636187 
2.037189 
2.638190 
2.639188 
2.640183 
2.641177 
2.642168 
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2.605089 
2.606166 
2.607241 
2.608312 
2. 609381 
2 610447 
2.611511 
2.612572 
2.613630 
2.614686 
2.615740 
2.616790 
2.617839 
2 618884 
2.619928 
2.620968 
2.622007 
2.623042 
2.624076 
2.625107 
2.626135 
2.627161 
2.628185 
2.629206 
2.630224 
2.631241 
2.6322 
465255 
2.634276 
2.635283 
2 636287 
2.637290 
2.638:90 
2.639287 
2.640283 
2.641276 
2.642267 
2.643255 
2 644242 
2.045226 
2.680 


2.647187 
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2.604118 
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2.606274 
2.607348 
2.608419 
2.609488 
2.610554 
2.011017, 
2.612678 
2.613736 


2.614792 


2.615845 


2.616895 


2.617943 
2.618989 


2. 620032 


2.021072 
2.022110 
2.623146 
2.624179 
2.625210 
2.626238 
2.627263 
2.628287 
2.029308 
2.630326 
2.631342 
2.632356 
2.633367 
2.634376 
2.635383 
2.636388 


2.637390 


2.638389 
2.639387 
2.640332 
2.641375 

642 366 
2.643354 


2.644340 
2.645324 


2.646306 
2.047285 
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| 2.047383 
 ] 445 2.648360 
2.649335 
2.650308 
8 | 2.651278 
2.652246 
2.653213 
2.654177 
2.655138 
2.656098 
2.657056 
2.658011 


2.057453 
2.668386 
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2.670339 
2.671205 
2.672190 
2.673113 
2.674034 
2.074953 
2.675870 
2.676785 
2.677698 
2:07 8609 
2.679519 
2.680426 
2.681332 
2.682235 
2.683137 


2.684037 
2.684935 
2.685831 
2.686726 


— 


= 


2.647481 [2.647579 
2.648458 
2.649432 
2.650405 
2.651375 
2.652343 
2.653309 
2.054273 
2.055235 
2.656194 
2.057152 
2.658107 
2.659060 
2.660011 
2.660960 
2.661907 
2.66285 2 
2.663795 
2.6647 36 
2.665675 
2.666612 
2.667546 
2.668479 
2.669317 2.6694 10 
2.670246 
2.671173 
2.672098 
2.673021 
2.673942 
2.674861 
2.675778 
2.676694 
2.677607 
2.678518 | 
2.679428 

2.6803 36 
4802.681241 
2.682145 
2.68 3047 
2.083947 
2.634845 
2.685742 
2.686636 


— 


2.648555 
2.6495 30 
2 650502 
2.651472 
2.652440 
2.65 3405 
2.654309 
2.655331 
2 656290 


2.657247 
2.658202 


2.6591 

43 
2.661055 
2.66 2002 
2.662947 
2.663889 
25 
2.66576 
2 
2.667640 
2.668572 
2.669503 
2.670431 
2.671358 
2.672283 


2.673205 


2.674126 
2.675045 
2.675962 


2.077789 
2.678700 
2.679610 
2.680517 
2.081422 
2.682326 
2.083227 
2.684127 
2.685025 
2.685921 


4 


2.676876 


2.686815 


2.647676 
2.64865 3 
2.649627 
2.050599 
2.651569 
2.65 2536 
2.653502 
2.654465 
2.655427 
2.656386 
2.057343 
2.658298 
2.659250 
2.660201 
2.661150 
2.662096 
2.663041 
2.603983 
2.604924 
2.665862 
2.666799 


2.667733 
2.668665 


2.609596 
2.670524 
2.671451 
2.672375 
2.073297 
2.674218 
2.675137 
2.676053 
2.676968 
2.677881 
2.678791 
2.679700 
2.680607 
2.681513 
2.682416 
2.683317 
2.684217 
2.685114 
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2.686904 
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2.647774 
2.648750 


2.649724 
2.650696 


2.652633 


2.654502 


2.655523 
2.655482 
2.657438 
2.658393 


2.659346 
2.660296 


2.661245 
2.662 191 
2.663135 
2.664078 
2.665018 
2.665956 
2.666892 
2.667826 
2.668759 
2.669689 
2.670617 
2.671543 
2.67246 
2.673390 
2.674310 
2.675228 
2.676145 


2.677972 


2.679791 
2.681603 
2.683407 


2.685 204 
2.686100 


2.686994 


2.651656 


2.653598 


2.678882 
2.680698 
2.682506 


12.684307 
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2.647872 
2.648848 
2.649821 
2.650793 
2.651762 
2.652730 
2.653695 
2.654058 
2.655619 

2-656577 


2 657534 
2.65 8488 
2.659441 
2.660391 
8 [2.661339 
2.662286 
2.663230 
2.064172 
2.665112 
2.666050 


2.666986 
2.667920 
466 | 2.668852 
2.669782 
2 6707 10 
2.671636 
2.672560 
2.673482 
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* 


2.653791 


2.655715 
2.650667 3 


2.666143 


2.668013 
2.668945 
2, 669875 


2.047909 
2.048945. 
2.649919 
2.650890 
2.651859 
2.65 2826 


2.654754 


2.057029 
2.658584 
2.659530 
2.660486 
2.661434 
2.662380 
2.663324 
2.664266 
2.665 206 


2.667079 


2.670802 
2.671728 
2.672652 
2.673574 
2.674494 
2.075412 
2.670328 

2678154 
2.679064 
2.679973 
2.680879 
3 2.681784 
2.682685 
2.683587 
2.684486 
2.685383 
2.686279 
2.687172 
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2.648067 
2.049043 
2.650016 
2.650987 
2.651956 
2.652923 
2.653888 
2.654850 
2.055810 
2.656769 
2.05772 
2658875 
2.659631 
2.660581 
2 661529 
2.662475 
2.663418 
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2 6652 
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2.667173 
2.668 106 
2.669038 
2.669967 


2.670895 
2 671821 


2672744 
2 6736 6 


26745864. 


2.675503 
2.676419 


2.677333 
2.678245 


2.679155 
2.680063 


2.680970 
2.081874 


2.682777 


2.683677 


| 


2.684570 


2,08 473 
2.686 158 


2.687261 


8 
12.648 165 
12.649 140 
2.650113 
2 65 1084 
2.652053 
2.653019 
2.053984 
2.654940 
2.655906 
2.656864 
2.657820 
2.658774 
2.659726 
2.660676 
2 661623 
2.662569 
2.663512 


2.064454 


2.665393 
2.666331 


2.667 266 


2.080154 
2 _ 
2.081 

2.682867 
2.683767 
2.684666 
2.685 563 
2.686457 
2.687351 


| 2.648262 


2.649237 
2.650210 


2.651181 
2.652150 
2.653116 
2.654080 
2.055042 
2.656002 
2.656960 


2.658870 
2.659821 
2.660771 
2.661718 
2.662663 
2.663607 
2.004548 
2.605487 
2.666424 
2.667360 
2.0682 

a 
2.070153 
2.671080 
2.672005 


0] 2-072929 


2.673850 
2.674769 
2.675687 
2.676602 
2.077516 


2.078427 


2. 680245 
2.681 15 
2.68 205 5 
2.082957 
2.683857 
2.684756 
2.085652 
2.086547 
2.087440 
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2.657916 


2.679337 
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2.703291 
2.704151 
2.705008 
2.705864 
2,706718 
2.707570 
2.708421 
2.709270 
2.710117 
2.710963 
2.711807 
2.712650 
2.713491 
2.714330 
2.715167 
2.716003 
2.716838 
2.717671 
2.118502 
2.719331 


8 2.7201 59 


2.720986 

2.721811 

a 27g 1 
2.72345 


| | 3 
[2.637618 


2.688 509 
2.689398 
2.690285 
2.691170 
2.692053 
2.692935 
2.093815 
2.694693 
: 695569 
2.695444 
2.697317 
2.698188 
2.699057 


2.699924 
2.700790 


2.701654 
2.702517 
2.703377 
2.704236 
2.705094 
2.705949 
2.709803 
2.707655 
2.708500 
2.709355 
2.710202 
2.711048 
2.711892 
2.713575 
2.714414 
2.715251 
2.716087 
2.716921 
2717751 
2.718585 
2.7 19414 
2.720242 
2.721068 
2.721893 
2.722716 
2-723535 


5 


8 


2 
2.687707 
2.68598 
2.689486 
2.690373 
2.691258 
2.692142 
2.693023 
2.093903 
2.694781 
2.695657 
7 31 
2.697 404 
2.698275 
2.099144 
2.700011 
2.700877 
2.701741 
2.702603 
2.703463 
2.704322 
2.705179 
2.706035 
2.706888 
2.797779 
2.708591 
2.709440 
2.710287 
2.711132 
2.711976 
2.712818 
2.713659 
2.714497 
7153 
2.716170 
2.717004 
2.7 17837 
2.718668 
2.719497 
2.720325 
2.721151 
2.721975 
2.722798 
2.723620 


2.688687 
2.689575 
2.690462 
2.091347 
2.692230 
2.693111 
2.693991 
2.694868 
2.095744 
2.696618 
2.697491 
2.698362 
2.099231 
2.700098 
2.700963 
2.701827 
2.702689 
2.703549 
2.704408 
2.705265 
2.706120 
2.706974 
2.707820 
2.708676 
3 
2.710371 
2.711217 
2.712060 
2.712902 
2.713742 
2.714581 
2.715418 
2.710254 
2.717088 
2.717920 
2.718751 
2.719580 
2.720407 
2.721233 
2.722058 
2.722887 
2-723702 


2.687796 


2.687886 
2.688776 
2.689664 
2.690550 
2.691435 
2.692318 
2.693199 
2.694078 
2.694956 
2.695832 
2.696706 
2.697578 
2.698449 


2.699317 
2.700184 


2.701050 
2.701913 
2.702775 
2.703635 
2.704494 
2.705 350 
2.706206 
2.707059 
2.707911 
2.708761 
2.709609 


2.711301 
2.712144 
2.712986 
2.713826 
2.714665 
2.715502 
2.716337 


2.717171]: 


2.718093 
2 718834 
2.719603 
2.720490 
2.721316 
2.722140 
2 722963 
2.723784 
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487 2.687975 
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2.688865 


2.089753 
4498855 
2.091524 
2.692406 
2.093287 
2.694166 


2.095044 


6 [2.695919 


2.696793 


8 [2.697665 


2.098535 
2.699404 
2.700271 
2.701136 
2.701999 
2.702801 
2.703721 
#:704579 
2.705436 
2.700291 
2.707144 
2.707996 
2.708846 
2.709694 
2.710540 
2.711385 
2.712229 


6 | 2.713070 


2.713910 
2.714749 


2.717254 


2.718086 


2.718917 
247.497 45 
2.720573 
2.721398 
2.742222 
29223045 
2.723866 


5 


— 


2.715586 
2.716421 


T 
2.088064 
2.688953 
2.689841 
2.690728 
2.091612 
2.092494 
2.093375 
2.094254 
2.095131 
2.696007 
2.696880 
2.697752 
2.698622 
2.699491 
2.700358 
2.701222 
2.702086 
2.702947 
2.703807 
2.704605 
2.705522 
2.706376 
2.707229 
2.708081 
2.708931 
2.79 
2.710625 
2.711470 
2.712313 
2.713154 
2.713994 
2.714933 
2.715669 
2.716504 
2.717338 
2.718169 
2.719000 
2.719828 
2.720655 
2.721481 
2.722305 
2.723127 
2.723948 
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2.088153 


2.689042 


2.689930 
2.690816 


2.691700 
2.092583 
2.693463 
2.694342 
2.695219 
2.606094 
2.696968 
2.697839 
2.698709 
2.699578 
2.700444 
2.701309 
2.702172 
2.703033 
2.703893 
2.704751 
223 
2.706462 
2.707315 
2.708166 
2.709015 
2.709863 
2.710710 
2.711554 
2.712397 
2.713238 
2.714078 
2.714916 
2.715753 
2.716588 
2.717421 
2.718253 
2.719083 
2.719911 
2.720738 
2.721563 
2.722387 
2.723209 
2.724030 
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8 
2.088242 
2.689131 
2.690019 
2.690905 
2.691789 
2.692671 
2.693551 
2.694430 


2.695 307 
2.696182 


2.697055 
2.697926 
2 698796 
2.699664 
2.700531 
2701395 
2.702258 
2.703119 
270399 
2.704837 
2.705693 
2288547 
2.707 400 
2.708251 
2 709100 
2.709948 
2.710794 
2.711638 
2.712481 
2.713323 
2.714162 
2.71500 
2.715836 
2.716671 
2.712504 
2.718336 
2.719165 
2.719994 
2.720821 
2.721646 


2.723291 
2.724112 
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2.722469 | 
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2.088331 


2.690107 
2. 690993 
2.691877 
2.692759 
2.693639 
2.694517 
2.695394 


2.697142 
2.698014 
2.698883 
2.699751 
2.700617 
2.701482 
2.702344 
2783305 
2.704065 
2.704922 


2.706632 
2.707485 
2.708336 
2.709185 
2.710033 


2.711723 
2.712566 
2.713407 
2.714246 
2.715084 
2.715920 
2.716754 
2.717587 
2.718419 
2.719248 
2.72007 7 
2.720903 
2.721728 
2.722552 


2.689220 


2.696269 


2.705778 


2.710879 


. 11 


3 


ki ” 


_ — 


— 


** 


* 


| A TABLE or LOGARITHMS, 


No 
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2.737193 
2.737987 


2.740363 


6 12745075 
2.745855 
82.746634 


2.749736 


2.752048 
72.753583 


© 
2.724270 
3.725095 
2.725912 
2.726727 
2.727541 
2.728354 
2.729165 
2.729974 
2.730782 


2732394 
2.733197 
2.733999 
2.734800 
2-735 599 
2.736397 


2.738781 
2.739572 


2.741152 
2.741939 
2.742725 
2.743510 
2.744293 


2.747412 
2.748 188 
2.248963 


2.750508 
2.751279 


2.752816 
25754348 


2.724358 
2.725176 
« 72993 
2.726809 
2.727023 
2.723435 
2.729246 
2.730055 
2.730863 
2.731669 
2.732474 
2.733278 
2.734079 
2.734880 
2.735679 
2.736476 
2737272 
2 738067 
2.738860 
2.739651 
—2 442 
2.741230 
2.742018 
2.742804 
2.743588 
2.74437! 
2.745153 
2.745933 
2.745712 
2.747489 
2.748266 
224284 
2.749814 
2.759536 
2.751356 
2752125 
2.752893 
2.75 3660 
27515 
2.755189 
2.755951 
2.750712 
2 


2.724440 
2.725258 
2.726075 
2.726890 
2-727704 
2.728516 
2.729327 
2.730136 
2.7 39944 
227 NPIS 
2.732555 
2.733358 
2.734160 
2.7 34960 
2 735759 
2.736556 
2.737352 
2.738146 
2.738939 
2.739731 


2.741309 
2.742096 
2.742882 
2.743067 
2.744449 
2.745231 
2.746011 
2.746790 
2.747507 
2.748343 
ö 2-749 118 
2.749891 
2.750663 
2.751433 
2.752202 
2.752970 
2.753736 
2.754501 
2.755265 
2.756027 
2.756788 
2-757548 
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2.740521 
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2.724522 
2.725340 
2.726156 
2.726972 
2.727785 
2.728597 
2.729408 
2.730217 
2.731024 
2.731830 
2.732635 
2.733438 
2.734240 
2.735040 
2.735838 
2.730635 
2.737431 
2.738225 
2.7 39018 
2.739810 
2.740600 
2.741388 
2.742175 
2.742901 
2.743745 
2.744528 


2.745309 
2.746089 


2.746868 
2 747045 
2.748421 
2.749195 
2.749968 
2759749 
2.751510 
2.752279 
2.75 3047 
2.753813 
2.754578 


2.75534! 
2.756103 


2.756864 
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2.724604 
2.725422 
2.720238 
2727053 
2.7 27866 


2.729489 
2.7 30298 
2.731105 
2.731911 
2.732715 
2.733518 
2.734320 
2.735120 
2.735918 
2.736715 
2.737501 
2.738305 
2+7 39997 
2.739889 


2.742254 
2.743039 
2.743823 
2.744606 


2.746167 


2.74772 
2.748498 


2.750045 
2.750817 
2.751587 
2.752356 
2.753123 
2.753889 
2754654 
2.755417 
2.756180 
2.756940 


2-75 7700 


2.728678 


2.745387 
2.746945 


24 | 32 


Dif, 


2.740678 
2.741467 


2.749272 


n 


2 


| from 1 to 10860. 


1 — — 


"Ws 724685 


5 
2.725503 
2.720320 
2.727134 
2 727948 
2.728759)2 
= 72 775 
3 
= 534905 


2.731991 


2. 732790 
2.733598 

2.7 34400 
2.735200 
2.735998 
2.730795 
2.737590 
2. 738384 
2.739177 
2.739968 


2.749757 


2.74546 
2.742332 
2.743118 
2.743902 
2.744684 


62.745465 


2.746245 


8 | 2.747023 


2.747800 
2.748576 


2.749350 
2.750123 


2.750894 
2.751664 
2.752433 
2. 7523886 
2.753960 
2.754730 


2 239 


2.756250 
2.757016 


2-757775 


6 
2.724707 
2.725585 
42, +7 2040J 
2.727”! 
A 728029 
2 728841 
* 729651 
[2. 730459 
2.731266 
A. 
2.732876 
2.733679 
2.7 34480 
2.735279 
2.736078 
2.736874 
2.737670 
2.738463 
2.739256 
2.740047 
2.740836 
2.741624 
2 742411 
2.743196 
2.743980 
2.744762 
2.745543 
2.746323 
2.747101 
2.747878 
2.748653 
2.749427 
2.750200 
2.750971 
2.751741 
2.752509 
2.753277 
2.754042 
2.754807 

2.755578 
2.756332 
2.757092 
2.757851 
W 4 


al 


7 
2.72487 
2.24097 
2.725483 
— 27299 

2.728110 
2.728922 
2.729732 
2.730540 
2.731347 


2.732956 
2.733759 
2.734500 
2.735359 
2.730157 


2.737749]2 
2.738543 
2.739335 
2.740126 
2 
2.741703 
2.742489 
2.743275 
2.744058 


2.745621 
2.746401 
2.747179 
2.747955 
2.748731 
2.749504 
2258277 
2.751048 
2.751818 
2. 752586 
2.753353 
2.754119 
2.754883 
2.755046 
2.756408 
2.757168 
$75 7087 


35 


2.732152 


2.730954 


49915! 


2. 744540 


8 


2. 724931 
2.725748 
2.726564 
2.727379 
2.728191 
2 729003 
2.729813 
2.730621 
2.731428 
2.732233 
2.733037 
2.733839 
2.734640 
2.735439 
2.736237 
2.737034 

737829 
2.738622 
2.739414 
2.740205 
2.749994 
2.741782 
2.742568 
2.743353 
2.744136 
2.744919 
2.745699 
2.740478 
2.747256 
2.748033 
2.748808 
2.749582 


2.750354 
2.751125 
2.74 1895 
2.75 2662 


2.7 53430 


————— — 


2.725013 


2.725830 
2.726646 
2.727460 
2.728273 
2.729084 
2.729893 
2.7 30701 
2.731508 
SLES 
2.7 33417 
2.733919 
2.734720 
2.735519 
2736317 
2.77003 
2.73790 
2.73 — 
2.739493 
2.740284 
224999 
2.74185 
2.742647 
2.743431 
2.744215 
2.744997 
2.745777 
2.7465 56 
2.747334 
2.748110 
2.748885 


2.749559 


2.750431 | 
2.75 1202 
2.751972 
2.752740 
2.753506 
2.754272 
2.755030 
2. 755799 
2.756560 
2.757320 


a 2.758079 


2 


. 


1 # 2 


n a 


„ 


A TABLE or LOGARITHMS, 


2.75892 


6 2.760422 
2.761176 


2.767898 


2.772322 


O 
2.758155 


2.759668 


2.761928 
2.762679 
2.763428 
2.764176 
2.264923 
2.765669 
2 766413 
2.767156 


2.768638 
2.769377 
2.770115 
2.770852 
2.771587 


2.773055 
2.773786 
2.774517 
2.775246 
2775974 
2.776701 
2.777427 
2.778151 
2.778874 
2.779596 
2.780317 
2.781037 
2.781755 
2.782473 
2.783189 
2.783904 


2.784017 |2. 
2.785330 


2.7 86041 
2.786751 
2.787460 
2.788168 


2.78887 5 


— — 


TY 
2.758230 
2.759743 
2.760498 
2.761251 
2.762003 
2.762754 
2.763503 
2.764251 
2.764998 
2.765743 
2.766487 
2.767230 
2.767972 


2.769451 
2 770189 
2.770926 
2.771661 
2-772395 
2.773128 
2.773860 
2774590 
2.775319 
2.770047 
2.770774 
2.777499 
2.778224 
2.77 8947 
2.779669 


2.768712 


7 2 9016 


Wy nk. A. Lon 


2.770999 
2.771734 
2.772468 
2.773201 


2.773933 
2.774663 


2.775393 
2.776120 


2.770846 
r 
2.7782 
2.779019 
2.77974. 
2.780461 
2.781181 
2.781899 
2.782616 
2.783332 
2.784046 
2.784760 
2.785472 
2.786183 
2.786893 
2.787602 
2.788310 


— 
2.758382 
33 
5259894 
2.760649 


| 


2.702 152 
2.762904 
2.763653 
2.764400 
2.765147 
2.765892 
2.766636 
2.767379 
2.768120 
2.768860 


2.769599 
2.770336 
2.771073 
2.771808 
3 
II 
2.774006 
2.774736 
2.775465 
2.776193 
2.776919 
2.777644 


9612.778368 


2.779091 
2.7798 13 
2.780533 
2.781253 
2.781971 
2.782688 
2.783403 
2.784118 
2.784831 
2.785543 
2.786254 


2.7 86964 
2.787673 2. 
2.788381 


— 


— — — — — 


e 
2.75845 
2.759214 
2 759970 
2.7607 24 
aj £4444 
2.762228 


«2902978 
2.78377 
2.764475 
22 
2 765966 
2.766710 


2.708194 


2.76967 3 
2.770410 
2.771146 
2.771881 
2 772615 


2.774079 
227455 
5 

471 
2.776992 
2.777717 
2.778441 
2.779163 
2 779885 
2.780605 


2.782042 
2.782759 
2.783475 
2.784189 
2.784902 


2.267453 
2.768934 


2.781324 


2.773348 
3 


ww =” 


9 


1 


An 


— 


_—— 


from 1 to 10860. 


—— 


Ne 


574 


576 
$77 
578 
579 
5 80 
581 

582 
583 
| 534 


586 
| $87 
588 
589 
590 
$91 
592 
[_593 


594 
595 
596 
597 
598 
599 


601 
_ 
3 
604 
60 5 
606 
607 
608 
60 
6 4 
611 


613 
614 


| 615 


pu — 


573 
575 


585 


600 


612 


'@| 


5 


2.758533 
2.759290 
2.700045 
2.760799 
2.701552 
2.762303 
2.763053 
2.763802 
2.764550 
2.765296 
2.766041 

2 766785 

2.767527 
2.768268 

2.769008 

2.769746 
2.770484 
2.771220 


2.771955 
2.772688 


2.773421 
2.774152 
2.774882 
2.775610 
2.776338 
2.777064 
2.777789 
2.778513 
2.779230 
2.779957 
2.780677 
2.781396 
2.782114 
2.782831 
2.783540 
2.784261 
2.784974 
2.785686 
2.786396 


2.787815 
2.788522 


30 


| 6 


2.787106] 2. 


2.789228] 2. 


2758609 
2.759366 
2.760121 
2.760875 
2.761627 
2.762378 
2.763128 
2.763877 
2.764624 
2.705370 
2.766115 
2.766859 
2.767601 
2.763342 
2.769082 
2.7698 20 
2 770557 
2.771393 
2.772028 
2.772762 
22234294 


2.774225 
2-774955 
2.775083 
2.770411 
2.777137 
2.777862 
2.778585 
2.779308 
2.780029 
2.780749 
2.781468 
2.782186 
2.702902 
2.733873 
2.784332 
2.785045 


39. 

2.758685 
2. 7594+" 
2.760195 
2.760950 
2.761702 
2.762453 
2.763203 
2.703952 
2 764699 
2.705445 
2.766190 
2.766933 
2.767675 
2.768416 
2.769156 
2.769894 
2.770631 
2.771367 
2.772102 
2.772835 
2:773507 
2.774298 
2.775028 
2.775750 
2.770483 
228 ba 
2.777934 
2778658 
2.779380 
2.780101 
2.780821 
2.781540 
2.782258 
2.782974 
2.783689 
2.784403 


2.785116 


2.785828 
2.786538 
2.787248 
2.787956 
2.788663 


2.789369 


81 


8 
2.758761 
2759517 
2.760272 
2.761025 
2.761778 
2.7625 29 
2.763278 
2.764027 
2.764774 
2.765520 
2.766264 
2.767007 
2.707749 
2.768490 
2.769230 
2.769968 
td bd tos. 
2.771440 
2.772175 
2.772908 


2.774371 
2.775100 
2.775829 
2.770550 
2.777282 
2.778006 
2.778730 
2.77945 
2.780173 
2.780893 
2.781612 
2.782329 
2.783046 
2.783701 
2.784475 
2,785187 
2.785399 
2.786609 
2.787319 
2.788027 
2.788734 
2.789440 


58 


5 
2.758836 


2.759598 


2.760347 
2.701101 


2.761853 
2.762604 
2.763353 
2.764101 
2.764848 


2.765594 |- 


2 766338 
2.767082 
2.707823 
2.768564 
2.769303 
2.770042 
2.770778 
27 
2.772248 
2772981 


2.774444 
2.775173 
2.775992 
2.776629 
2.777354 
2.778879 
2.778002 
2.779524 
2 780245 
2.780965 
2.781684 
2.782401 
2.783117 
2.783832 


2.784.549 : 
2.785259 


2.785979 
2.786680 
2.787390 
2.788098 
2.788804 
2.989510 


"66 


| 


2.773040[2.773713 


2 


; D 
— 


— 
* 


tt. 


8 


* 


r 


82 N * 3 
= 


A TABLE 


— — — 


— m—_—— 


or LOGARITHMS, 


rn 


No | 
616 
617 
on 
919 
620 
| 621 
622 
623 


O 


2.78958 1 
2.790285 


2.791691 


_ 


2.798651 
2.299341 


2.804821 


2.805501 


2.808211 


2.312245 


2.816241 


2.790988 


2.793092 
2.793790 
2.794488 
6242.795185 
2.795880 


2.796574 
2.797 268 


2.797960 


2. 800029 
2.800717 
2.801404 
2.802089 
2.802774 
2.603457 
2.804139 


2. 806180 
2. 8068 5 8 


2. 897 535 


2.808886 
2.809560 
2.810233 
2.810904 
2.811575 


2.812913 
2.813582 
2.8 142482. 
2.8149132. 
2.815578 


— ” 


[ 


2.789651 
2.790356 
2.791059 
2.791761 
2.792462 
2.793162 
2.793860 


2.794558 
2.795254 
2.795949 
2.796644 
2.797337 
2.798029 
2.798720 
2.799409 


2.800098 
2.800786 


2.801472 
2.802158 
2. 802842 
2.803525 


2.804208 
2.804889 
2.805569 
2.800248 
2.806926 
2.807603 
2.808279 
2.80895 3 
2.809927 
2.8 10300 
2.81097 1 
2.811642 
2.812312 


>” 


a. 


f 2.8 I 6308; 
2.816904 
2.817565 
2.818226 


3 58 : 


2 
2.789722 

2.790426 
2.791129 
2.791831 

2.793542 
2.793230 

2793930 
2.794627 

2.795324 
2.796019 
2.796713 
2.797496 
2.798098 
2.798789 
2.799478 
2.800167 
2.800854 
2.801541 

2. 802226 
2. 802910 
2.803594 
2.804276 
2.804957 

2.805637 
2.806316 
2.806994 
2.807670 
2.808346 
2.809021 

2.809694 
2.810367 

2.811039 


2.811709 
2.812379 
2.813047 


2.813714 


2.815045 
2.815711 
2.816374 
2.817036 
2.817698 
2.818358 


— 4 


— —¾ 


3 


2 789792 
2.790496 
2791199 
2.791901 
2.792602 2.792672 
2.79 
2 794000 
2.794697 
2797923 
2.796088 
2.796782 
2.797475 
2.798167 
2.798858 
2799547 
2. 8002 36 
2.800923 
2.801609 
2.802295 


2.802979 
2.803662 


2.804344 
2.865025 


2.805705 
2. 806384 
2.807061 
2. 807738 
2.808414 
2. 809088 
2. 809762 
2.810434 
2 811106 
2.811776 
2.812445 
2.813114 
2.813781 
2.814447 
2.815113 
2815777 
2 816440 
2.817102 
2817764 
2.818424 
— — 


20 


ES 

2.729863 
2.790507 
2.791269 
2.791971 |- 


793371 
2796070 
2.794767 
2.795463 
2.796158 
2.79685 2 
2.797545 
2.798236 
2.798927 
2.799616 
2.800305 | 
2.800992 
2. 801678 
2. 802363 
2.803047 
2.803730 
2.804412 
2. 805092 
2.805773 
2.800451 
2.807129 
2. 80780 6 
2.808481 
2. 809156 
2. 809829 
2.810501 
2.811173 


2.811843 
2.812512 
2.813181 
2.813848 


2.815179 
2.815843 


2.816506 
2.817169 
2.817830 
2.818490 


| 


* 3 


2.814514 67 


— 
a F 4 
53 4 | 
— aa —_ 4 . * L 


— — [2 _ 


from 1 to 10860, 


M 3-4-4 - ft. $8.1 - ny 
616 |2.789933 | 2.790004 |2.790074| 2.790144 | 2.790215 70 
617 |2-790637 [2.790707 2.790778 2.790848| 2.790918] 70 
| 618 [2.791340[2.79r410|2.791480| 2.791550 2.791620] 70 
619 |[2-792041|2.792111|2.792181|2.79225212.792322| 70 
| 620 2.792742 |2.792812|2.792882| 2.792952|2.793922] 70 
621 [2.793441 [2-793511|2.793581| 2.79305112.793721] 70 
622 [2.794139|2-794209|2.794279| 2+794349|2-794418] 70 | 
623 |2-794836|2.794906[2.79+976| 2-795045 |2-795I15] 70 
624 [2.795532|2-795602[2.795072|2-795741|2.795811] 69 
625 |2.796227]2.796297|2.796366| 2 796436|2.796505| 69 
626 |2.796921 | 2.796990| 2.797060 2.797 1292.797198 69 
627 [2-797614|2.797683|2-797752| 2.7978212.797890| 69 
628 [2.798305 [2.798374 |2-798443] 2-7985 13| 2.798582 93 
69 
63 
29 


629 [2.798996] 2.799065 2.799134 2-799203 | 2.799272 
| 630 2.799585 |2.799754|2-799323| 2-799892 2.799961 
6312.800373 2. 8004422. 80056 110 2. 8005 80 2. 800648 
632 223 2.801198 2.901266 2.801335 
6332.801747 z. 801815 2.801884 2.801952 2.802021 | 69 
6342.802432 2. 802 5002. 802568 2.802637 z. 802705 68 
635 2.803 1162.803184 z. 8032522. 8033212. 803389 68 
5352.803798 2.803867 2.803935 2.804003 2.804071 | 68 
637 2.804480 2z. 804548 2. 804616 2. 8046852. 804753 68 
419 54 
638 2.805 1610 2.805 229] 2.805297 | 2.805365 [2.805433] 68 
6392.805841 2. 8059082. 805976 2.806044 2. 806 1124 68 | 
6402. 8065 192.8065872. 805655 2. 806723 2.806790 68 | 
6412.807197 z. 80 2642. 907332 2.807400} 2.807467] 68 
6,2 | 2-807$7 3|2.807941|2.808008| 2.808076 | 2.808143] 68 : 
6432.808549 2.808616 2. 808684 2.808751 [2.808818] 67 | —_— 
g 6442: 809223 z. 809290 2. 8093 582. 8094252. 8094924 67 * 
6452.809896 py 2.810031|2.810098|2.810165] 67 | _ 
| 646 | 2.810569] 2.8 106362. 8 10703 2. 8 10770. 810837 67 | 
647 |2-811240[2.811307|2.811374|3-811441|2.811508] 67 
{ 648 [2.811910|2.811977|2.812044|2.812111]2.812178] 67 
| 649 |2-812579|2.812646[2.812715|2.812780|2.812847] 67 
4 650 |2.813247|2.813314|2.81338112.813448|2.813514hf 67 
651 |2-813914|2.813981|2.814048|2.314114|2.814181] 67 
652 |2:814581|2.814647|2.814714|2.814780|2.814847] 67 4 
| $53 [2.-815246|2.815312|2,815378|2.815445|2-$15511} 66 | 
654 |2-815910|2.815976[2.816042[2.816109}2.816175]| 66 | - 
655 |2-816573|2.816639|2.816705|2.816771 | 2.16838 66 | 
66 
66 
66 


656 |[2.817235|2-817301|2.847367|2 8174332817499 
657 [2.817896] 2.817962|2.818028| 2.818094 | 2.818160 
| 658 [2.818556|2.813622|2.818688|2.818754 | 2.818820! 


1 A 


eee 


* 


_— 


—— 


„ 


— 


| A TABLE or LOGARITHMS, 


_ 7 " 0% We? 


MM 


A ———— 


N 


* 


O | 
2.818885 
2.819544 
2.820201 
2.820858 
2.82151˙4 
2.822168 
2.822822 
2823474 
2.824126 
2.824776 
2.825426 
2.826075 
2.826723 
2.827369 
2.828015 
2.828660 
2.829304 
2.829947 
{2.830589 
2.831230 
2.831870 
2.832509 
2.833147 
2.833784 
2.834421 
84 2.835056 
2.835691 
2.836324 
2.836957 
2.837588 
-2.838219 
2.838849 


2.839478 
2.840106 


| 659 


2.841 359 
2.841985 
2.842609 
2.843233 
2.843855 
2.844477 
2. 845098 
2.845718 


— HR 


I 


6 


2.818951 
2.819610 
2.820267 
2.820924 
2.821579 
2.822233 
2.822387 
2.823539 
2.824191 
2.824841 
2.825491 
2.826140 
2.826787 
2.827434 
2. 82 8080 
2.828724 
2.829368 
2.830011 
2.830653 
2.831294 
2.831934 
2.832573 
2.833211 
2.833848 
2.834484 
2.835120 
2.835754 
2.836387 
2.837020 
2.837652 
2.838282 
2.838912 
2.839541 
2.840169 


2.807332. 840796 

2.841422 
2.842047 
2.842672 
2.843295 
2.843918 
2.844539 
2.845160 
2.845780 


2 
2.819017 
2.819676 
2.820333 
2. 820989 
2.821645 
2.822299 
2.822952 
2.823605 
2.824256 
2.824906 
2.825556 
eb 
2.82685 2 
2.827499 
2.828144 
2.828789 
2.829432 
2. 8 3007 5 
2.830717 
2.831358 
2.831998 
2.832637 
2.833275 
2.833912 
2.834548 
2.835183 
2.835817 
2.836451 
2.837083 
2.837715 
2.838345 
2.838975 
2.839504 
2.840232 
2.8408 59 
2.84148; 
2.842110 
2.842734 
2.843357 


2. 843980 
2.844601 


2.845222 
2.845842 


3 


2.8 19083 
2.819741 
2. 820399 
2.821055 
2.821710 
2.822304 


2.823670 
2.824321 
2.824971 
2.825021 
2.826209 
2.826917 
2.827563 


2.828853 
2.829497 
2.830139 
2.830781 
2.831422 
2.832002 


2.833338 
2.833975 
2.834011 
2.835247 
2.835881 
2.830514 
2.837146 
2.837775 
2.838408 
2.839038 
2.839667 
2.840294 
2.840921 
2.841547 
2.842172 
2.842796 
2. 843420 
2.844042 
2.844664 
2.845284 


2.545904 


3 


| 
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2.823018, 


2. 828209 


2.832700 


—E—— 


2.819807 
2. 820464 
2.821120 
2.821775 
2.822430 
2.823083 
2.823735 
2. 824386 
2.825030 
2.825686 
2.820334 
2.826981 
2 827628 
2.828273 
2.828918 
2.829561 
2. 830204 
2.830845 
2. 83 1480 
2.832126 
2.832764 


2.834039 
2.834675 
2.835 310 
2.835944 
2.830577 


2.837841 
2.838471 
2.839101 
2.839729 
2.840357 
2.840984 
2.841610 
2 842235 
2.842859 
2.843482 
2.844104 
2.844726 


2.345340 
2.845966 


7" WL 
2.819149 "66 
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2.837210 
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12.819215 


2.819873 


2. 8205 30 


2.821186 
2.821841 
2 822495 
2.823148 
2.823800 
2.824451 
2.825101 
2.825751 
2.826399 
2.827046 
2.527092 
2.828338 
2.828982 
2.829025 
2.830268 
2.830909 
2.831550 
2.832189 
2.832828 
2.833466 


2.834739 


2.835373 
2.836007 


2.836641 
72.837273 
2.837904 


2.838534 
2.839164 
2.839792 
2.840420 
2.841046 


2.841672 


2. 842297 
2. 842921 


2.844166 


. mien 3 — 


| 


[2.819281 


2.834103 


2.843544 


2.844788]: 
] 2.845408 


2.946028 a 
232 


— 


6_ 


2.819939 
2.820595 


2.821251 
2.821906 
2.822560 
2.823213 
2.823865 
2.824510 
2.825166 
2.825815 
2.820464 
2.827111 
2.827757 
2,828402 
2.829046 
2. 829690 
2.830332 
2.830973 


2.832253 
2.832892 


2,834166 
2.834802 


2.835437 
2.830071 


2.837967 
2.838597 
2. 83922 
2.839855 
2.840482 
2.841109 
2.841735 


4 . 


2.831614 


2.833530 


2.836704 
2.837336 


2.842360 


2 

2.819346 
2. 820004 
2.820661 
2.821317 
2.821972 
2.822626 
2.823279 
2.823930 
2.824581 
2.825231 
2.325880 
2.820528 
2.827175 
2.827821 
2 828467 
2.829111 
2.829754 
2. 830396 
2 831037 
2.831678 
2.832317 
2.832950 
2-833593 
2-834230 
2.834866 
2 835500 
2.836134 
2 836767 
2.837399 
2.838030 


2.839289 


2.839918 
2.840545 
2.841172 
2.841797 
2.842422 
2.843046 
2.843669 


12-844291 


2.844912 


2.845532 
2.846151 


45 


2. 838660 


— 


| 


3 
2.819412 
2. 8 20070 
2 820727 
2.821382 
2.822037 
2. 822691 
2.823344 
2. 82 3990 
2.824646 
2.825296 
2.825945 
2.820593 
2.827240 
2.827886 
2 828531 
2.829175 
2.829818 
2.830460 
2.831102 
2.831742 
2.832381 
2. 833020 
2.833657 
2.834294 
2.834929 
2.835504 
2.830197 
2.830830 
2.837402 
2.838093 
2.838723 
2.839352 
2.839981 
2.840008 
2.841234 
2.841860 


2.842484 
2.843108 
2.843731 
2.844353 
2.844974 


2.845394 
2.840213 


9 


2.820136 
2.820792 
2.821448 
2.822103 
2.822756 
2. 823409 
2.824001 
2.824711 
2.825361: 


2.826010 
2.826058 
2.827 305 
2.827951 
2.888795 
2. 829239 
2 
2.83052 

2.631.465 
2.838 906 
2.832445 
2.833083 
2.83372 


2.834993 
2.835627 
2.836261 
2. 836894 
2.837525 
2.838156 
2.838786 
2.839415 
2.84004 3 
2.840671 
2.841297 
2.841922 
2.842547 
2.843170 
2.843793 


2.845225 
9 — opmndar 


2.819478 


2.834357 


2.844415 
2.845036 
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2.546337 
2.845955 


2.846399 
2.847017 


2.847573 847034 


2.848189 
2.848805 
2.849419 
2.850033 
2.850046 
2.851258 
2.851870 


2.852480 
2.8, 3090 
2.85 3698 
2.854300 
2.854913 
2.855519 
2.856124 


8 |2.862131 
2.862728 
2.863323 
2 863917 
2.864511 
2.865104 
.|2.865696 
2.866287 
6 | 2.866878 
2.867 467 
83 | 2.868056 
2.868644 


2,869232 
2.869818 
2.870404 


2.830989 
2.871573 


60 


2.848251 
2.848866 
2.849481 
2.850095 
2.85 0707 
2.851320 
2.851931 
2.852541 
2.853150 
2.853759 
2-854307 


2 850185 
2.856789 
2.857393 


2.857995 
2.88597 


2.859198 
2.859799 
2. 860398 
2.860996 
2.861594 
2.842191 
2. 862787 
2.863382 
2.863977 
2.864570 
2.865163 
2.805755 
2.866340 
2.866937 
2 867826 
2.868115 
2.868703 
2.869290 
2.86987 7 
2.870462 
2.871047 
2.871631 


2.854974 
2.855580 


5 8 
2.846461 
2.847079 
2.847696 
2.848312 
2.848928 
2.849542 
2.850155 
2.850769 
2.851381 
2.851992 
2.852602 
2.853211 
2.853820 
2.854428 
2 855034 
2.855040 
2.856245 
2.856850 
2.857453 
2.855056 


2.858657 


2.859258 
2.8598 

* 44 
2.861056 
2.861654 
2.862251 
2.862847 
2.863442 
2.864036 
2.864630 
2 865222 


2.865814 


p 


* 


| 


2.866405 


2. 866996 
2.867585 
2.868174 


2. 868762 


2.869349 
2.809935 
2.870521 
2.871106 
2.871690 
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— — —— 
— 


3 
2.846523 
2.847141 
2.847758 
2.848374 
2.848989 
2.849604 
2 850217 
2.850830 
2.851442 
2.852053 
2.852063 
2.853272 
2.853881 
2.854480 


2.85 5095 
2.855701 


2.856306 
2.856910 
2.857513 
2.858116 
2.858718 
2.859318 
2.859918 
2. 8605 18 
2.861116 
2.801714 
2.852310 
2.862906 
2.863501 
2 864096 
2.864689 
2.865282 
2.865874 
2.866465 
2.867055 
2.867644 
2.868233 
2.868821 


2 . 869408 12. 


2.809994 
2.870579 
2.871 _ 


2.87174 


1 
2.846585 
2.84 e 
2.847819 
2848435 
2.849051 
2.849665 
2.850279 
2.850891 
2.851503 
2.852114 


2.852724 
2.853333 
2.853941 
2.854549 
2.855156 
2.855761 
2.856365 
2356970 
2.857574 
2.858176 
2.858778 


2.859379 


2.859978 
2.800578 


2.801176 
2.861773 
2.862370 
2.862966 
2.863561 
2.864155 
2.864748 


2.865341 
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2.821805 


—_ 


3 
2.846646 
2.847204 
2.847881 
2.848497 
612 849112 
2.849726 
2.850340 
2.850952 
2.851564 
12.852175 
2.852785 
2.853394 
| 2.85 4002 
2.854610 
6 | 2.855216 
2.855822 
2.856427 
2.857031 
2.857634 
2.858236 
2.858838 
2.85943 
2.800038 
2.860637 
6 | 2.861236 
2.861833 
2.862430 
2.863025 
2.863620 
2.80421 
2.864808 
2.865400 


2.805992 
2.866583 
6 | 2.867173 
2.867762 
82.868350 

2 868938 
2869525 


2.870111 


2. 870696 
2.871281 


6 


2.846708 
2.847326 
2.847943 
2.8485 59 
2.849174 
2.849788 
2.850401 
2.851014 
2.85 1625 
2.852230 
2.852846 
2.853455 
2.854003 
2.854670 
2.855277 
2.855882 
2.856487 
2.857091 
2-357694 
2.858297 
2.858868 
2.859498 
2.860098 
2.860697 
2.861295 
2.861893 
2.802489 
2.863085 
2.863680 
2.864274 


2.864867 
2.865459 
2.806051 
2. 866642 
2. 867232 
2.867821 
2. 863409 
2.868997 
2. 869584 
2.870170 
2.870755 
2.871339 
2.871923 


| 


30 


— 


1 


© 
2.846770 
2.84 388 
2.848004 
2.848620 
2.849235 
2.849849 
2.850462 
2.85107 
2.851668 
2.852297 
2.852907 
2.853510 
2.854124 
2.854731 
2.855337 
2.855943 
2.856548 
2.857151 
2.857754 
2.858357 


2.858938 


2.859559 
2.800158 


2. 860757 


2.861355 
2.861952 
2.862549 
2.863144 


2.863739 


42.864333 


2. 864926 
2.805518 


2.866110 
2.866701 
2.867291 
2.867880 
2.868408 
2.869056 
2. 869642 
2.870228 
2.870813 
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2.871981 
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48 


| 


8 
2.840832 
2.847449 
2.848066 
2.848682 


2.849297 
2.849911 


2.851747 
2.852358 
2.85 2968 
2.863576 
2.854185 
2.854792 


2.855398 
2.855003 


2.856608 
2:857212 
2.857815 
2.858417 
2.859018 
2.859619 
2.860219 
2. 8608 17 
2.861415 
2.862012 
2.862608 
2.863204 
2. 863798 
2.864392 
2.864985 
2.865578 


2.866169 
2.866760 
2.867350 
2.867939 
2.8685 27 
2.869114 
2.869701 
2.870287 
2.870872 
2.871450 
2.872040 
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2.850524 
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2.847511 
2.848128 
2.848743 
2.849358 


2.850585 
2.851197 
2.351809 
2.852419 
2.853029 
2.853037 
2.854245 
2.854852 
2 85545 

2.856087 
2.856668 
2.857272 
2.857875 


2.858477 
2.859078 


2.859579 


2.860278 
2.860877 
2.861475 
2.862072 
2.862668 
2.963263 
2.803858 
2.864452 
2.365045 
| 2.865637 


2.866819 


2.867409 | 
2.867998 


2.868586 
2.869173 


2. 870930 
2.871515 
2 372093 


2.849972 


2. 869760 
2. 870345 
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245 |2.872156|2.572215 |2.87227312.872331|2.8723389] 58 
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7452.872739 2.872797 2.872855 '2.872913|2.872972] 58 | 
747 2.873321|2.873379|2-873437 j2-873495 |2-873553] 53 | 
743 | 2.373992|2.873960|2 74015. 874076 2.874344 58 | 
7492.874482 2.874540 2.874595 j2.874650|2.874714\ 58 
750 2.87506102.875119 2.875 1772.875235 2.875293 58 | 
| 751 2.875640|2-875095 2.875756|2.475013 2.875871] 58 [| 
2.876218[2.876276|2.876333|[2.870391|2.876449] 58 
753-| 2.876795 | 2.876853 |2.876910{2.876968| 2.877026] 58 þ 
| 28 2.877371 2.877429 2.877487 |2-877544| 2.877602|þ 58 
: 755 2.877947 [2-57 8024 2.878002|2.87811, [2.878177] 57 5 
| | 
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We 
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| 756 | 2.878522[2-878579| 2.878637 2.878694 2.878752] 57 
757 |2.879096|2-879153|2.879211|2.879268| 2.879325 57 
'758| 2.379669 |2-879726|2.879754|2-879841 | 2.879898 57 
759 2.880242 2. 880299 |2.880356|2.880413 2.880471 7 4 
60 | 2.880314 |2.380871 j2.880928 [2.880985 | 2.881042 57 
761 | 2.881385 [2.881442 |2.881499{2.881556| 2.881613] 57 
| -62 | 2.881935 [2.882012 |2.882069 |2:882126| 2.882183 7-4 
| 763 | 2.882325 [2.882581 |2.882638|2.882695 | 2.882752] 57 
764 | 2.883093 2.883150 2.338320712-583204 [2.883321] 57 
{| 765 | 2.883661 |2-883718|2.883775 2.883832 2.883888 57 


766 | 2.884229 [2.854255 [2.884342 2.884399 2.884455 57 
767 | 2.884795 2.884852 2. 8849092854995 2.885022 57 
768 | 2.885 361 2.885418|2.885474|2-885531| 2.885587 57 
7692.885926 2.885983 2.585039 2.886096 2.885152 56 
7702.886491 2.880547 2.886604 [2.886660 | 2.886716] 56 
771 2.887054 |2-337118 2.887 167-[2.887223| 2.887280 56 | 
772 2.887617 2.837674 2.887739|2.887786 2.887842] 56 
7732.888179 2.888236 2.888292 2.888348 2.888404 56 
274 | 2.88874 1 02.888797 2.88885 32.888909 2.888967 | 
775 2.889302 2.889358 2. 889414 2.889470 2.889526 5 1 
776 2.889862 2.389918 2.889974 2. 890030 2.890086 56 
777 2. 8904212. 890477 2. 8905 33 fz. 890589 2.890644] 56 
778 2. 890980 2.891035 2.891091 2.891147 2.891203] 56 | 
729 2.89537 2.391593 2.891649 [2.891705 | 2.891760 56 
| 2.892095 2.892150 2.892206 fz. 892262 2.892317 56 
* 781 2.892651 2.892707 | 2.892762 2.892818 2.892873] 56 
11 782 2.893207 2.893262 2.393318 02.893373 2.893429] 56 | 
783 | 2.89376212.893817 | 2.89337 312.8939281 2.893984} 55 | 
784 | 2.894316|2-894571|2-394427 2.894482 2.894538 55 
785 | 2.894870|2.894925 |2-894980[2.895036| 2.895091] 55, | 
| 786|2.895423|2.895475|2-895533 [2.895588] 2.895644] 55 | 
| 787 2-395975 2.896030 |2.896085 [2.896140 2.896195 = | 
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2.872448 


2.873030 
2.873611 
23874192 
2.874772 
2.875351 


2.875929 


2.876507 
2.877083 


2.877659 


2. 878234 


6 | 2.878809 


2.879383 


82.879956 


2.880528 
2.881099 
2.881670 
2.882240 


2.882809 


2.883377 


2.883945 


2.884512 
2.885078 
2.885044 
2.880209 
2.886773 


2.887336 


2.887898 
2.888460 
2.889021 
2.889582 
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2.890700 
2.891259 
2.891810 
2.892373 
2.892929 
2.893484 
2.894039 
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2.87 3088 
2.873069 
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2.874830 
2.875409 
2.875 97 
2.876564 
2.877141 
2.877717 
2.878292 
2.878866 
2.879440 
2.880013 
2.880585 
2.881156 
2.881727 
2.882297 
2.882866 


2.883434 


2. 884002 
2.884509 


2.885135 
2.835700 
2.830205 
2.886829 
2.887392 
2.887955 
2.888516 
2.889077 
2.889038 


2.890197 
2.890756 | 


2.891314 
2.891872 
2.892429 
2.892985 
2.893540 
2.894094 


2.894648 


2.995 201 
2.895754 


| 2.896300 
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2. par re wh 
2.873146 
2.873727 
2 874308 
2.874888 
2.875466 
2.870045 
2.876622 
2. 277199 
2877774 
2.878349 
2.878924 
2.879497 
2. 880070 
2.880642 
2.881213 
2.881784 
2.882354 
2.882923 
2.883491 
2.884059 
2.884025 
2.885192 
2.885757 
2.886321 
2.886885 
2.887448 
2.888011 
2.888573 
2.889134 
2. 889694 
2.890253 
2.890812 
2.891370 
2.891928 
2.892484 
2. 89304 
2.893595 
2.894150 


| 


2.895257 
2. 895 809 


2.896361 
E 


2. 8947042 
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2.87 3204 


2.873785 
2.874360 
2.874945 
2.875524 
2.870102 
2.876680 
2.877250 
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3-009 343 
3.009578 
3.010003 
3.010427 
3.010851 
3.011274 
3.011697 
3.012120 
3.012542 
3.012964 
3.013385 
3-013806 
3.014226 
3.014646 
3.015066 
3·015485 
* 
3.016323 
3.016741 
1 
3.017576 


3.17223 


= 4 b 
3.000174 
3.000608 


3.001041 


3. c 474 


3.00 1907 
3.002339 
3.902771 
3.003202 
3·003633 
3.004063 
3-004493 
3-004923 
3-005 35 # 
3.005781 


3.006209 


3.006637 
3.007065 
3.90749 
3.007918 
3.008345 
3.008770 
3. 009196 
3. 09621 
3.010045 


3-010470 
3.010893 


30113171 


3.011740 
3.012162 
3012584 
3.13006 


313427 


3.013848 
3.014268 
3014688 
3.015 108 
3515527 
3-015940 
3.016365 
3.016783 
3.017200 
3.017618 
3.018034 
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_ 
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from 1 to 10860. 


—_ 


* 


_ 


Ne 
1000 
1001 
11002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 
1014 
101 
— 
1017 
1018 
1019 
1020 


1021 
1022 
1023 
1024 
11025 
1026 
1027 
1028 
11029 
1030 
11031 
11032 
1033 
3034 

1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 


| 


bh Rs 


3. 0002 17 | 3.000260[:3.000304 | 3.000347 | 3.000391 | 43 
3.00065 1 3-000694\ 3.0007 38 3-000781] 3.00:824| 43 
3.001084 3·00112803·001171 3 0012143. o01258 43 
3.001517 3.015613. 001604 3. 001647 3. 001690 43 
3.001950 ;. 019933 · 00363. 2080 3.002123] 43 
3.002382 3.002425 3. 02408 3. oo25 121 3.002555 43 
3-002814 |3.00285713.002900| 3.002943] 3.002986 43 
3.003245 3. 003288 3. 00333103. 003374 3.003417 43 
3. 0036703. 0037 193. 0 762 3.003805 | 3.03848 43 
3.004106 3.004149 3-· 4192 3. 04235 3.004278 43 
3.0045 36 3.004579 3. 004622 3.004665 3.004708 43 
3.004906 |3.005009| 3.005052| 3.005095] 3. 05 1380 43 
3.005 3953.005438 3. 00548 103. 005 52 4 3. 005 5567 43 
3. 00582403. 005867 3. 05909 3. 059523. 05995] 43 
3.00625 2 3.006295 3 000338 3. 00380 3. 0054231 43 
3.065803. 06723 3.006705 3. 006808 3.006851] 43 
3.007 107 3. 007 1503.071933 007235] 3.007278 43 + 
3.0075 34 3.007577 | 3.007620 3.007662 3. 0% 43 | 
3-007961 | 3.008004 | 3 008046] 3.008089] 3. 08 1320 43 
3. 08 387 [3.008430] 3.008472] 3.0085 15 3.085580 43 
3.0088 13 3.008856 3. oo8898 3.008941 3.808385 43 
3-009238f3.009281| 3.009323] 3.009366] 3.009408| 43 
3.009663 | 3.009706 | 3-029748] 3.009791] 3.009833] 43 
3.010088 3,0101303, 810173J3.01021513.010257 42 
3.0105 123.0105 543-0597 3 0106393. 010681 42 
3.010936 3.010978 3 0110203. 0110633011105 42 
3-011359|3.01140113-011444|3.011486]3.011528| 42 
3-011782|3.,01182413 011866 3.011908 3.011951 42 
30122043. 0122463012289 3. 0123313.012373 42 
30126203. 01266803 ·01271103.012753 3.012795 42 
3.013048 3. 0130903: 013132]¾3.õ13 1743.013216 42 
3-0134609|2.01351113-01355313-013595| 3.013638 42 
3.013890 3. 0139323. 0139743. 0140163. 014058 42 
3-143 103.0143523. 014394 3.014436 3.014478 42 
3.014730 3. 014772J3.014814/3.0148563.014898] 42 
3-015150|3.015192}3.0t5234|3.015276]3.015318| 42 
3-015569|3.015611[3.015653[3.015695|3.015737| 42 
3-015988|3.016030[3.016072|3.016114|3.016155| 42 
3.016406 3. 016448 3.016490 3.0165 3213.016574] 42 
3.016824 3.016866 3.016908 3.016950 3.016992 42 
3.017242 | 3.017284 1338 3.017367 3.017409] 42. 
3-017659|5.01770113.017743[3-017784|3.017826| 42 
3-018076|3.01381181]3.018159[3.018201]3 0182431 42 
_21 | 26 | 30 | 34 | 39 Pts 
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A. TABLE 'or LOGARITHMS, 


| 3-023604; 
3. 24075 


066 3.027757 


5 | 3-935430 


7018284 
3.018700 
3.019116 
3019532 
3.020361 
3-020775 
3-021189 
3-021603 
3-022016 


3-022428 
3-022841 
3. 0232 52 


3.024486 
3.024896, 
3.025 306 
3.025715 
3.026124 
3.0265 33 


3.026942 
3.027350 


3.028 164 
3.028571 
3.028978 
3.029384 
12 5 
030195 
3.030600 
3-031004 
3.03 1408 
3.031812 
3.032216 
3.032619 
3.33021 
3-033 424 
3.033826 
3.034227 
3 034628 
3-035029 


. 


1 ö 


3-01 8325 
3.018742 
3.019158 
3 019573 
3.019988 
3.00403 
3.02C817 
3.021231 
3-02 1644 
3.022057 


3.022470 
3.022882 
3-023294 
3-02379z 
3-024116 
3-024527 
3224937 
3.025347 
3.025756 
3.026165 


3026574 
3 026982 
3-027 390 
3-027798 
3.028205 
3.028612 
3.029018 


3 029424 


89] 3.029830 


3.030235 
3.030640 
3.031044 
3.031449 
3.031853 
3.032250 
3.032659 
3.033062 
3-033464 


3-9338c6 
3-034207 
3-034669 
3-035069 
3-035470 


3 
3.018368 
3.018784 
3.019199 
3019615 
3 · 20030 
3.020444 
3.020858 
3021272 
3021685 
3.032098 
3.022511 
3.022923 
3 023338 
3-923746 
3-024 157 
3-024568 


3-024978 
3-025388 
3-025797 
3.026206 
3-026615 
3.027023 
3027431 
3-027839 
3-028246 
3.028652 
3-029659 
3.029455 
3.029971 
3.030276 
3.03068 
3.031085 


3031489 
3-031 893 
3.03 2296 
3.532699 
3.033102 
3.033504 
3.033906 
3.034307 
3.034709 
3.035 109 
3.0355 10 


4 


3 
3.018409 
3.018825 
3.019241 
3.019656 
3. 20071 
3.020486 
3-020900 
3.021313 
3.021727 
3.022140 
3.022552 
3.022964 
3.023376 
3.023787 
3.024198 
3.024609 
3.025019 
3.525422 
3.025838 
3.020247 
3.026656 
3.027064 
3 
3.927879 
3.028285 
3.028693 
3.929100 
3.029505 
3.029911 
3.0303 16 
3.030721 
3.631126 


3.031530 
3-031933 
3-032337 
3-032740 
3.033 142 
3.833544 
3.03 3946 
3.034348 
3.034749 
3.035149 
3 035550 


7 — 


4 
3.018451 
3.018867 
3.019282 
3.019698 
3.020113 
3. 20527 
3.020911 
3.021355 
3.021768 
3.022181 
3.022593 
3. 02 3005 
3.023417 
3.023828 
3.024239 


3.025060 
3.025470 
028583 
3.026288 
3 026697 


3:027105 
3.0275 1 3 


3.028327 
3.028734 
3.029140 
3.0295 4 
3.029952 
3 030357 
3.930702 
3.031166 


3.031570 
3.051974 


3.032780 
3.033182 
3-033585 
3.033986 
3.034388 
3.034789 
3.035189 
3-035590 


=” | 


3.024650 


3.032377 
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from 


1 to 10860. 


N 5 


3.018492 
3.018908 
3019324 
3.019739 
3.020154 
3. 020568 
3.020982 
3.02 1396 


3 021809 
3.022222 


3.022634 
3-023047 
3-023458 
6 | 3.023869 
3-024280 
3-024691 
3-025 101 
3.0255 11 
3.025920 
3.026329 
3.257327 
3.027146 
53027553 
3.027961 
3.028368 
3-028774 
3.029181 
3-029587 
3-029992 
3-030397 


1073 (3-030802 
3-031206 


3.031610 
3-032014 
3.032417 
3-032820 
3-033223 
3-033625 
3034026 
3-034428 
3-034829 
3035230 
3-035630 
20 


8 


6 


3-0185 34 
3.018950 


3.019366 
3.019781 
3.020196 
3.022610 
3-021024 
3.021437 
3-021850 
3-022263 


3-022676 
3-02 3088 


3.023499 
3.023911 
3.024321 
3024732 
3025 142 
3 029552 
3.025961 
3.026370 
3.026778 
3.627186 
3-027594 
3.028002 
3.028409 
3.028815 
3.029221 
3.029627 
3.030033 
3.030438 
3.030842 
3.031247 
3-03 165 l 
3+032054 
3-032458 
3 032860 
3-033263 
3-033665 
3-034067 
3-034468 
3-034869 
3035270 
3-035670 


25 


7 


3.018576 
3.018991 
3.019407 
3.019822 
3.020237 
3.020651 
3.02 1065 
3.021479 
3.021892 
3.022305 


3.022717 
3.023129 
3.023540 
3023952 
3 024362 
3024773 
3-025183 
3025593 
3.026002 
3.026411 
3.0268 19 
3.027227 
3.027635 
3.028042 
3.028449 
3.028856 
3-029262 
3.029668 
3-030073 
3.030478 
3 030883 
3.031287 
3.031691 
3.032095 
3.032498 
3.032901 
3.833303 
3 033705 
3034107 
3-034508 
3.034909 
39e 
3-035710 


29 


8 
3018617 
3.019033 


3.016449 
3-019864 


3.020278 
3.020693 
3.21107 
3.021520 
3 021933 
3.022346 
3.022758 
3.023170 
3.023582 
3.023993 
3.024404 
3.024814 
3.025224 
3.025634 
3.026043 
3.02645 
3.026860 


3.027268 
3.027676 
3.028083 
3.028490 
3.28896 
3.029303 
3.029708 
3.030114 
3 030519 
3.030923 
3.031328 
3.031731 
3.032135 
3.032538 
3.032941 
3.033343 
3.033745 
3.034147 
3.034548 
3034949 
3.035350 
3.035750 


2 


"= 


— 
3.018659 


3019075 
3019490 
3019905 
3.020320 
3.020734 
3.021148 
3.021561 


3.021974 
3.022387 


3.022799 
3.023211 
3.023623 
3.024034 
3·024445 


3.024855 


3-025 265 
3-025674 
3.026084 
3.026492 
3.026901 


3.027309 
3.027719 
3.028124 
3.028531 
3.028937 
3029343 
3.029749 
3030154 
3.0305 59 
3-030964 
3-031368 


3.032175 
3.032578 
3.032981 
3.033383 


3.50341 87 
3.034588 
3.034989 
3.035390 
3.035790 


22 


3.031772 


3.033785 


my * 
42 
ET * 

TP J. V4 

nat A 

. 


.X 


2 
. 
9 


27 


* 
c 


ned to 


*2a0qu 42quin N Sei m 30 aug 9 In bur 
*40qe a qum N d, n 30 2urg q.. 
| Moloq — Jo ddunN $a] d 30 ↄufg 2y 4 


1 


he Left-hand 


An 


— 


*M10[2q d qm N Sei 213 Jo aufg 213 30 [eonauynay sud 
o xopuI ay3 Jo aangty yay qm ino urg pur 

' *90[2q Jaquun\J $a] ↄn Jo zur -o aq. 

*240qr $3941Fa(f 30 dqum N $39] o Jo zurosg 1. 


C 


Z 
AX 
Wh 
— 


*240qe i qunN $39] 2y2 Jo zus gurꝛ- og ↄm pur 
*240qe qum N nd in 30 zus gur I o. 
*M0J3q S991Jaq Jo 12quin\ a] 213 JO zuo gur. ou. 


A 
Tart 


Moloq qu N sI 2y3 30 weg uri- o 213 pur 
*10]3q taquinyy 493eaud ay1 go zug uv L 97 x, 
*240qe se Jo 42quin\y Yi n 30 zus gur. . IL. 


* 


5 Seconds, and generally to much leſs, 
The other Columns contain as under 


WITH PROPORTIONAL PARTS, 


· oaoqr 22qun N Sei 9ÞÞ2 yo aurg ay 3o pranawynay juamoſtuoy 
23 *xapu7 ay Jo „m N yay ay ano Juz pur 

*4a0qr 12qunyy Sie om 30 urogj-· o ij. 

FE eq so 3o'12quimyy $527] q Jo Jurong j. 


and thoſe increaſing upwards in the Right-hand Columns belong 


Column of each Page, belong to the Degrees above the Tables 
to the Degrees below. 


By which an Angle may, very eaſily. be determ 


Logarithmic Sines, 
| Obſerve — The Minutes increaſing downwards in t 


Molo i qum N $39] 2y3 Jo auy-oQ iq pur 
*M0[2q 12qunyy 4932943 ay Jo aug 2y 1, 
*DAOqQY $2913a(q qu Se ngo ourg ay, 


— 


* n 
* 


— 


* 


page 10; from 3? to 8? ſee page 11; for the reſt ſee the 


For Sines and Tangents to Second, from 0® to 3® ſee Introduction 
following pages of the Introduction. 


A Table of Artificial Sines, 


| © — Degrees — 90. 


Tangent 


o 


Co. t oꝰ 
Tan. 9oꝰ 


| 


Secant 


o® 


Infinite 


O. COOOOO!: 


Infinite 


366.9408 7 
41? 065786 


13.536274 
5113.235244 
13.559153 
12.934214 


6.463720 
6.704756 
6.940847 
7.065786 


13.536274 
13-235244 
13 0390535 
12.934214 


10.000000 


10.Q00000 
(0.009000 
10.000000 
10.000000 


12.837 304 
7112.753123 


12.69117 
12.033184 
6812.582032 


7.162696 
7.241878 
7.308825 
7.366817 
7-417970 


1217.542990 
13.577668 


12.536275 
12.494882 
52957093 
12.422332 
5212.390147 


7.403727 
7.505120 
7.542909 
7.577672 
7.609857 


30%. 040 


7.910879 


812 


12.360184 
12.332156 
12.305827 
12. 281003 
12.257522 
12.235246 
12.214057 
12.193854 
12.174540 
12.156066 
12.138338 
12.121305 

2.104915 
12.089121 
7.926119 12.073881 
12.059158 


7.639820 
eren 
7.694179 
7.719003 
7242484 


12.837304 
12.758122 


12.691175 
12.633183 
12. 5 82030 
12.536273 
12.494880 


12.457091 
12.422328 
12. 290143 
12.360180 
12.332151 
12. 305 821 
12. 2 80997 
12.257516 


I 0. COOOOO 
I0,O0COOOI 
10.080001 
10.000001 
I 0.000001 


10.000002 
t 0,000002 
10.000003 
10.000003 
lo. ooo 
10.000004 
10.000005 
10.000005 
10.000006 
10.000007 


7-704701 
7.785951 
7.80615 5 
7. 825 460 


7.843944 


12.235239 
12. 214049 
12.193845 


12.174540 
12.156056 


10.000007 
10.,000008 
10.00000 
10.000010 
10.000011 


Co.s. oꝰ 
Sine go? 


Io. ©OOCOO 


9-999999 
3-999999 
9999999 
9.999099 
9.999999 
9.999999 
9.999999 
9.999999 
2292928 
9.999998 
9.999998 
9.999997 
9.999997 
9.999996 


A 


7.861674 
7.878708 
7.895099 
7-910894 
7-920134 

940858 


12.138326 
12.121292 
12. 104901 
12.089 106 
12.073866 


12.059142 


10.00001 2 
10.000012 
10.000013 
10.0000141g. 
10. oo00 1609. 
10.000017 


Co.s 


Sine 1705 
2 


89 


892 


2 


Secant Co. t 890 
Tan. 1790 


Tangent 
89? 


| Co. ſec. 


| 


890 


9.999996 
9.999995 
9.999995 
9.999994 
9.999993 


5.999993 
9.999992 
9.999991 
9. 999990 
9-999989136 
9.999988 
9.999988 
9.999987 


1 


89 — Degrees — 179. 


of 
| 


575 


f 


a — 4 


157 


207 | 


* 


573 


25 


571 


35” 


407 
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| Fangents and Secants. 


8 4 


o — Degrees — 90. 


Sine 
o⁰ 


Co. Sec. | 


8 


Tangent 
0 


7. 940842 
7955082 
7.968870 
7.982233 


3417-995198 


12.059158 
12.044918 
12 031130 
12.017767 
12.004802 


794855 
7.955100 
7.968889 
7982253 
7-995219 


Co.t. oꝰ 
Tan. go? 


12.059142 
12.044900 
12.031111 


12.017747 
12.004781 


10.000017. 


10. oo00 1849. 999982429 


10.000021 


10 ooo 19. 
10.000020]};. 


8.007787 
8.020021 
8.031919 
8.043501 
8.054781 


4008.055776 


2.076500 


8.086965 
8.097183 


8.107167 
775. 116926 


47 
48 
19 
50 
51 
52 
53 
54 
55 
56 


58 


59 
60 


8.126471 
8.135810 
8.144953 
8.153907 


11.992213 
11.979979 
11.968081 


11.956499 
11.945219 


8.00780g 
8.020045 
8.031945 


8.043527 
8 054809 


11.992191 
11.979955 
11.908055 
11.956473 
11.945 191 


10,00002 3 


lO0.,00002 |-. 


10.000025 


10.0000261[9.99997 3|22 


11.923500 
11.913035 
11.902817 
11.892833 
11.883074 
11.873529 
11.864190 


11.855047 
11.846092 


11.934224 


8.955800 
8.076531 
8.086997 


8.097217 
8.107202 


11.934194 
11.923469 
11.913003 
11.902783 
11.892797 


10. 00002 800. 999972 211 
9.99997 120 


10.00003 200. 
10.00003419. 


10.00002 
Io. ooo 


10.000036[9.99996 16 


3.116963 
8.1265 10 
3.13585 
8.144996 
9.153952 


11.883037 


11.873490 
11.864149 
11.85 8004 
11.846048 


10. 00003749. 
ro. ooo oz. 


10.00004 1 
10.000042 


8.162681 
3.171280 
8.179713 
8.187985 
8.196102 


11.837319 
11.828720 
11.820287 
11.812015 
11.803898 


8. 162727 
9.171328 
3.179763 
8.188036 
3.196156 


11.837273 
11.828672 
11.820237 
11.811964 


11. 803844 


57 


3.204070 
8.211895 
8.219581 
8.227134 
8.234557 
8.241855 


11.725930 
11.788 105 
11.780419 
11.772866 
11.766443 
11.758145 


8.204126 
8.211953 
8.219641 
8.227195 
8.234621 
8.241921 


Co. s. 899 


Sine 1790 


Oo. t. 897 


Tan. 1790 


— „ 


11.795874 
11.788047 


11.780359 
11.772805 


11.258078 


| Tangent 
þ 89? : 


11.765 379] 


10.000056 


10.0000g5 819. 
10.00000019-99994 
9-999938 
9.999936 


10.000062 
10.00006: 


10.000066[9.9999 34 


| Co. ſec. 
89 


Sine 


8g? 


10.00004419-999956]11] 
10.00004619. 
10.000048[9. 
10.00005099.99995' 
10. 0005 209. 
10.00005 409-9999466 


— 


{4.685 Tan.o? 


e 


7 


> — 


5 45 
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r 
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98.241855 
18.249033 
28. 256094 
38. 263042 

8.269881 


Co. Sec. 


10 


E 


5 8.276614 
6408.283243 
713289773 
808. 295207 
3.302546 


8.308794 
8.314954 
8.321027 
8.327016 
8.332924 
8.338753 
8.344594 
8.350181 


8.355783 
8.301315 


11.758145 
11.750967 
11.743906 
11.736958 
11.730119 
11.723386 
11.716757 
11.710227 
28379 
11.592454 
11.691206 
11.685046 
11.678973 
11.672984 
11.667076 
11.661247 
11.65 5496 
11.649819 
11.644212 
11.6:8685 


8.241921 
3.24910? 
8.256165 
8.203115 
8.269956 
8.276091 
3.283323 
8.289856 
8.296292 
8.302634 
8.308884 
8.315046 
8.321122 
8.327114 
8.333025 


Co.t. 1® 
Tan. 919 


11.75 8079 
11.750898 
11.743835 
11.736885 


11.730044 


Secant 
10 


10.00007 


1 0.000066 
10.000008 
10.000071 


10.000075 
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7.999934 
999932 
9.999929 
99.999927 
9222225 
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11.723 309 
11.716677 
11.710144 
11.703708 
11.697366 


11.691110 


11.684954 
11.678878 
11.672886 
11.666975 


3 338856 
8.344510 
8.350289 


3.355895 
8.391430 


11.661144 


11.65 5 390 
11.649710 
11.644105 


11.638570 


8.300777 
8.372171 
3.377499 
8.382702 
8.387962 


58.393101 
8.398179 
8.403199 
3.403161 
913-413068 
8.417919 


Co. s. 885 
Sine 178% 


11.601182 
11.556680 


11.58208 


11.633223 
11.627829 
11.622501 
11.617239 
11.612038 


11.591839 
11.586932 


8. 360895 
8.372292 
8.377622 
8.382889 
8.388092 


8.393234 
8.398315 
8.403338 
8. 408 304 
8 443213 
8.418068 
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1 


11.633105 
11.62770 
11.622378 
[1.617111 
11.611908 
11.606766 
11.601685 
11.596662 
(1.591696 
11.586787 
11.581932 


Secant 
1 


[Co, t. 888 


Tan. 178% 


Tangent 
880 


10.00012 


Co, Sec. 
189 


10.000075 
10.000080 
10.000082 
10.000085 
10.c00087 
10.000090 
io. ooo z 
10. ooo; 
10. ooo 
10.000101 


10.c00103 
10.000106 
10.00010g 
10.000112 
10.0011 5˖ 


10.000118 


10.000124 
10. 000127 
0. 0001 30% · 999870 
10.000133 
0. 00136 
10. 00 139 
10. 00142 
10.000 146 
10.090149 


9.999922 
9.999920 
9.999918 
9.599915 
9-999914 
9995910 
9.999907 
9.999905 
9.99902 
9.999899 
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9.999897 
9.99894 
9.999891 
9.999888 
9-92 885 
3.99982 
9.999879 
9.999870 
9.99 „873 


I 


9.999867 
9.999864 
9.999861 
9.999858 
9.999854 
9.999851 


Sine 
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88 — Degrees — 178. 


[549 545 
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— 
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257 


30 
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Tangents and Secants. 


1. — Degrees — 91. 


8.417919 
5.422717 
3.427402 
8. 432156 
3.436800 


i 


3.441394 
013.445941 
3.450440 
8.45 4893 
258.4523007 
8.463665 
8.467985 
8.472203 
8.470498 
1448.420693 


58.484848 
8.488963 
78. 493040 
8.497078 
498. 50100 


245 
974 


8.50 
8.512867 
8.516726 
8.520551 
5.524343 
3.528102 
8.531828 
8.535523 
5.539186 
98.5428 19 
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Co. Sec. N 
10 


11.58208 108. 
111.5772838. 
11.528385. 
11.567 8448. 
11.563 20008. 


10.000 149 
10.000 15 209. 999848 
10.00 156 


5[10.090159[9.99984 1 
10.00016219.999838 


7 
Co.s. 19 


Sine 91048 


9-99985 1; 


9-999844 


11.558606|8. 


11.554059]S. 
(1.549560[S. 
11.545107ʃ8. 
11.540998. 


o[10.00016019. 999234 


io. ooo 16909. 999831 
10.000 17300. 999827 


0. 0001779. 999923 
10. oo0 180 


2292820 


10.000184 
10.000188 
10. ooo 1919. 9998 
7110.000195 
10.020199 


otto. ooo 203 
10.000207 
10. ooo 10 
o. ooo2 14 
10. ne. 


10. 000222 


1-530 33518: . 
11.532015|8 
11.527737 
11.523502. 
1.519307 
11.515115 208. 
11.511037 
11.505960 48. 
11.502922ʃ8. 
1149892008. 
1.49495 5/8. 
11.401026ʃ8. 
11.487137 
11483274]. 
11.479449 


14786575 a 
11.471888. 
11.468 17208. 
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11. 3 
11.487181 
a 


Secant 
880 


9.9998 16 


9.999744 
9.999740 


Sine 
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9.999812 9 


9.999 8051% 
9. 99980116 
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9999793144 
999979913 
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9 99977 10 
20. 00022609. 999774 

10. 0023 109. 999769 
0.000235 
10.0002 3919-999701] 6 


10. 00024309. 999757 5 
10. 0002479. 999753 
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— 2222238 


9.999765 7 


of 


2 * 


rr 


—_ „ 6 


A Table of Artificial Sines, 
— — — - a — — — 
2 — Degrees — 92. 
| = Sine | Co, Sec Tangent] Co. t. 22] Secant Co.s. 29; =} 
= 20 29 20 Tan. 920 20 ; Sine 925 | 
8.542315 11.457181 8.543084 11.456916 10.550205 9.599735 6c 
js. 546422111-453575]3-540091]! 1.45 3 309.10. 002699. 9997359 
8. 5499951. 45000 508. 5 50268811 4497320. 00027409. 9997 26], 8 
5535391. 44646 108.5538 771.4461830. 00027 89. 99972257 
. 2 44940-31440 ‚00283N.929217 85 
5605 40% 1. 4394608. 56082801 1.43917 210. 000287 9.979713 5 
2s. 563999 f 1. 43600108. 564291 4357090. 002929. 999708 54 
5674310143 25698. 5677274322730 0002969. 9970453 
578 361 1.42916 8.57 113711. 4288030. ooo 30 109. 999699 52 
<$74214111-4257868.574520[11-42548c[1.0 o 300. 99969451 
57756601. 42243 48.577877 11.422 23010. 00311 9.999689 56 
108.5808920 1.419 08 3581208111879. 10-000315|, 999685 49 
1248.584191. 4 58078. 5845 14/11. 415486 0-000320[4.999680'48| 
1318.587459 1.41253168.587 95% 1.41 2205/100325 99.9675 47 
1413.590721132.49927913.5210: 1]! 1.408949110-:003 3c19.999670146| 
1518-593948[11-40605 208. 59428 1. 4057 17,10. 000335. 9. 9665 45 
168.9715211. 4028488. 97492011. 40250810. 03 0 9.999660 44 
178.6003 32 1. 35966808.6 06771 1.3993 3010.000345 9.99965 5 43 
a 1.3965 11 8.6038 3911.39 16.0. 000350 9.99905042 
. 3111-39337713-506975|11-393022[19.00035519.99964 5/41] 
11.390266]8610094|11.389906|i 0. 00360j9.999640{40] 
11.387 1778.613 1851 1.3868 1110. 000365. 999635039 
11.334109]5.616262 t1.383735110.000371[9.999629[38 
11.331063[3.619313[t1.3806-/;[t10.0c0376[9.993624 37 
962j11.37 3038 8.622343/11-37765710.00038! 9.99963 9136] 
511.3750358. 625 3211.3 46410. C00 380.9996145 
811.3720528. 6283401 1.37 16610. 000929. 99960834 
11. 3690 898.63 30801. 36869210. 0003979. 99960303; 
41.360 1406/8. 6342 611.3657440. 0004039. 99959732 
11.363224ʃ8.637 184011. 3628 16010. o 089. 99959231 
11.36032c[8.640093[11.359907[10.000414ſ9.999586(30þ 
Secant ||Co.t. 87<} Tangent Co, Sec. Sine =| 
87% Tan 177] 879 879 87 14 
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2 — Degrees — 92. 
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S| Sine | Co. Sec. | Tangent] Co. t. 20 Secant Co. t. 28 
II Tan. 925 29 Sine 929] 3] 


3008.639680 1.36032«<[8.640093[1t1.359907|[10.00041 
| 11.35743718.642982[11.357018|:0.000419}9-9995 81] 
132 1015 1.3545 7208.648585 311.3541470. 0004259999575 
11.35 172008.648704 011.35 129610. 0004 309 9995707 
3408-65 1102J11.34889 78.65 153711. 34846310. 0004369 - 999564 
3508.55 3911.346085, 8.55 435 211.3454810. 0004 429.9995 58 
368.6567021 1.34329808.657 1491 1.3428 5 1010.000447 9.999553 
4378.659475 1. 3405 2508.659928]. 3400 10. 0045 39.999547 
388.662 230011. 3377708. 66268911. 3373 61010. 0004569. 999541 
328.8549255 11.335032]8. 66543301 1.334567 10. 004659. 999535 
40s. 66768911. 3323 18.668 16011. 331840010 00047 119.999529 
4 8.670393] 1.3 29607/86708 7c. 329130010. 0004769. 99952401 
4208.67 30801 1. 326920]8.67356311.326437 10. 000482 : 

4 [3-675751]11.32424513.676239111.323761j10.00048819-999512Þ1 
_ [44]3-678405[11.321595]8 678900[11.321100119.00049419.9995 Obſt 
4518.081043]1 1.318957]8.681544 11.318456 10.000500 9.9995 
4603.653651. 31633 5[8.68417 211.3158280. 0005079. 999493 
478.6862 20 1.3137 28(8.680784 11.3132 16010. 0005 139.9994871 
480.6888551 1.311137J8.68938 1011.3 1051910. 0005 199.9994810 | 
493.691433|11.3038502!8.691953[11.308037}10.000525]9-999475|13 þ 
5008. 69399811. 300002[8.0945 2911. 305471010. 0005 3 109. 9994 
548.5965411. 30345 8.697081 11. 30291910. 0005 3709.999463 
5213 69907 311. 3009278.6996 1711. 30038310. 0005449. 99945 
386.7015891. 29841108. 7021391. 297851010. 9005 50 9.99945 
5% oog. 2950108. 7046461 1. 295 35410. 0005 579. 999443 
3.706577 1. 29342308. 707 14001 1. 2928600. 005639. 999437 
63.090491. 29095 108.7096 18011. 29038210. 0005699. 99943 
58.711507 11.288493/8.7 1208301. 28791710. 0005 7609.999424 
5808.7 1395201 1. 28604808. 7 145 3411. 28546510. 0005 82.999418 
5513.716383|11.283617]8.716972111.283028|10.0005 8999. 999411 
6068.7 18800011. 281200 8.719396 1. 2 8060410. 000969. 999404 
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Sine 
12 
8.718800 
721204 
723595 
725972 
8.728337 


8 
8 
8 


Co. Sec. 
O 
3 
11.281200 


11.278796 
11.276405 
11.274028 
11.271663 


T angent 
38 


8.719390 
8.721806 
8.724204 


8.7265885[11.273412 
8.728959] 1-271041 


11.280604 


Co. t. 30 
Tan. gz? 


11.278194 
11.275790 


10 
11 
12 
13 
= 
15 
1608.755747 
1718.757955 
1888.760151 
1908.762337 


8.744530 
3.746802 
8.749055 
8751297 


11.269312 
11.266973 
11.264646 
11.262333 
11. 260031 


8.731317 
8.733663 
8.735990 
8.738317 
8.74062 


11.208683; 
11.266337 
11. 264004 
11.261683 


3 
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8.742250|11.257741 


11.255464 
11.253198 
11.250945 
11.248703 


8.753528 


20 
121 
22 
a” 
2413-773101 


8.704511 
8.766675 
8.768828 


8.770970 


25 
4268.777333 
2718.779474 
2818.78 1524/11.218476 
2908.783005 


3093-288528 


8.775223 


11.245472 
11.244253 
11.242045 
11.239849 
11.237663 
11.235489 
11.233325 
11.231172 
11.229030 
11.226899 


11.224777 
11.222067 


11.220566 


11.216395 
11.214225 


8.742922 
8.745207 
8.747479 
8.749740 
8.251989 
8.754227 
8.750453 
8.758668 
8.760872 
8.763065 


8.76524 
8.767417 
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8.771727 
8 773866 
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Tan 1760 


11.257078 
11.254793 
11.252521 
11.250260 
11.2480 11 


1.245773 
11.243547 
11.241332 
11.239128 
11.236935 
11234757 
11.232583 
11.230422 
11228273 
1.226134 


11.224005 
11.221886 


11.219778 
11.217680 


11.215592 
11.213514 


Tangent 
868. 
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Secant 
30 


10. 005 96 
10.000602 
10.C00500 
10.000616 
10.000622 


10. 00629 
10. 000636 
10.000643 
10.000650 
10.000657 
10.0co0604 
10. co671 
10.000678 
10. 00685 
lo. co 692 


0. 00699 
10.0007 06 
10 000714 
10.0007 21 
10.000728 


10. 007 35 
: 0.000743 
10. 000750 
10.000758 
10. 00705 


10. 00077 
10.0007 80 
o. oo0788 
t 0.00075 5 
10. 00803 
10. 00811 


Co. Sec. 


| Sine 930 


Cam 39 


9.999404 
9.999398 
9.999391 
9.999384 


2292378856 


9.999371 
9.999364 
9.999357 
9.999350 
9.999343 


9.999336 
9-999329 
9.999322 
9.999315 
22230804 
9.999301 
9.99929. 
9.999286 


999927942 


9.999272 
9.999265 
9.999257 
9.9992 
9.999247 


9:999235|:6 


9:999227 
9.599220 


929999205 
999997 


Sine 
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9999212033 


9:999189130 


86 — Degrees — 176. 


ol 


5”: 


107 


157 


207 


—— 


39 


38 


37 


36 


25% 


35 


307 


34 


35” 


33 


400 


— — 


33 


45” 50 


32 


31 


— — 


Ir x Wn ' 1 | 
RY SY FRF FR WY hu Wy of. At fo oo ——— — - 


[EXIT 


2 F 40 


[862 Tan. 3 


_  , Tangents and Secants. 


_ 


* 


. 3 — Degrees — 93. 


Co.s. 3* | 
Sine 93 


Co. t. 30 | 


: Secant 
an. 93 


30 
10.000681 9.999180 


- Sine | Co. Sec. Tangent 
. 35 


1 1.213514 


3008.785675 
8.787736 
3288.789787 
33 8.791828 


11.21226408.7885 5411. 21144610. c oo8 1909.999181 
11.2102 138.7905 3011. 20938710. 008209. 999174/ zd 
11.208 1728.792662 1. 207350. 0008 3409. 99916627 
48.223859 11. 20614108. 79470111. 205 29910. 0008429. 99915826 
5508.795888 1011. 2041 198.7967311. 203 2b 10. 008 509. 999 1 502; 
368.7978941 1. 202 1068.798752 11. 20124810. 0008 5809.959142 
378.7998971. 2001038. 8007631 1. 19923710. 0008669. 999 134/23 Gr. 
6.301895 11.198 108J]8. 20276511. 19723510. 0008749. 999126 2 7yũ2ꝶ MR 
8.803876|1t1.196124j8.804753]11-195242110.00088219.959118j21] | 
[40]3.80585 2|t 1.194148|8.8:6742|11-19325t[10.0008gc|9-9991 roſzof 
4113.807815]11.192181j8.808717[11.191285[10.00089819.999002 
4208.809277: 1.19022313.810683|11-189317|t0.coogceſg.9y909411 8] 
43]3 811726011. 18827408.8 12641011187 35910. 0009 15 99908611 
44 1 ett} 8.814589 11.185411 
458.815 5991 1. 18440108. 8 1652911. 18347 lc. oo 9319.999069 15 
46088175 2211.18247808.8 1846 111.1815 3910. 0009 3909. 999060 
478. 81943611. 1805645. 82038411. 17961610. 000947. 99905 3]1 
4813.82 1 34 3]11-1786571]8.822258]11.177702{[10.0co095019.999044112 
49]3.82 324011. 17676008. 82420511. 175795 0. 009649. 999036 
| 50S. 825 1301 1. 174870 8.826103] 1.173897 10. 0097 39. 999027 


5108.827011 172989 08.827992 [11.7200 0. ooo 19. 999019 
5218.828884/11.17111618.829874{/11.170120[10.000990[9.9:29010 
53]13.830749[11.16925118.831748[11.108252j10.000998[9.999002| 7 
5408.8 326071 1.67 3938.83 361311. 166387 
— — 4 
5513 83-450[11.165544|8.835471]t1. 164529 
11.163703[5.837321]11.162679 


10. 0 10079. 998993 
10. 0010109. 998984] 
10. 0102409. 998976 
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578.838 1300 1.161870. 839163 1146083710. 00103 39. 998967 
53] .839956111.160044|3.840958]11.15900210.001042 9.598958] 
59] -841774]11.158226(8.842325]11.157175}t0.001903c19-998950] 1 
160]8.343585]11.156415{8.84464«[11.155356[10.001059}9.99894 1]. c 
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1.15641 58. 844644 
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3{11. t52817j8.848260 
t1.t5to029}3 350057 


11.149249;3.851846 
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11.153545 
11.151747 
11.149943 
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518.8352525 


68.854291 
718.85604 
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1008.86 1283 
1118. 363014) 
12 8.86 738 
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11.1474758.85 3628 
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| 8571-1 
8.858932 
8.860686 
8.862433 
8.864173 
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8.869351 


1114395 
11.142199 
11.140454 
11.138717 
11.130986 
11.135262 


11.133545 
11.131835 


11.146372 
11.144597 
11.142829 
11.141068 
11.139314 


Secant 
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11.137507 
11.135827 
11.134094 
11.122308 
11. 130649 
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11.130132 
11.128435 
11.126745 
11. 12506 
11.123385 


3 871064 
8.872770 
8.87449 
8.876162 
8.877849 
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19.28 124810. 7187529. 289326010. 7 1067410. 00807 89. 991922059 

9. 28189710. 7 181039. 28999910. 7 10001010. o08 1039. 99187758 

39.2825 4400.7 174569. 29067 1010. 70932910. 008 1279. 99187357 
4.2821 291342] 0. 20865 8li o. oo8 15 200. 991848056 
9. 28383610. 7161649. 292013010 70798710. o08 177.9918235 5 
9. 28448010. 7155 200. 29268 [10.707 318010. 082019. 99179954 
79.285 12410. 7 148769. 29335010. 7066010. 008226. 9 91774053 
9. 28576610. 14234. 29401710. 70598310. 00825 19. 991749052 


| 99 286408 


1009. 287048 
1109.287687 


10. 71231309. 296 
10.711674. 296677 


294684 10.705 316 


10.704651 
10.703987 
10.703323 
10.702661 
10.701999 
10.701338 
10.700678 
10. 700020 
10.699362 
10.698705 


10.008276. 


10.008301 


10. 00832609. 99167449 
10.008 35 19.991649 


991699 


10. 00840 19.991599 


10. 0084269. 991574 
10.008 45 19.991549 


10. 0084769. 991524 
10. oo8 50209. 991498 


10. 085 279. 991473041 


50 


* 


219. 29402910. 7059) 10. 302607 
22 9.29465 8110.70 3429.303261 
2309295286010. 7047 14.303915 
2419-295913 9 394567 


0.698049 


10.697393 
10.696739 


10. 696080 
10 695433 


10.00860 


10. 08 55 249. 991448040 
10. oo8 5779. 991423039 
319-991 397138 
10.008628[9.991372137 
10.00865 4%. 99134 


10.694782 


2519-2965 3910.703465 19.305218 


269.2971640. 702836 9.30889 


10.694131 
10.693481 
10.692832 
10.692185 


19.691537 


10.008667 


10. 0087059. 9091295 
10. 0087309. 991270; 


10. 00875 


io. oo8 80 


o. 087 ga. qa a1 


991321 


9-99124 
9.991193 


36 
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10 


32 


Secant Co. t. 780 
780 Tan 168 


PO ASI, 


FTY 
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1 


Tangent 


s and Secants. 


11 — Degrees — 101. 


9. 307041 


—19˙312495 


Go. Sec. 
119 


Tangent 
119 


— 2282 
9.305819 
3300430 


9.307650 
2388259 


9: 309474 
9. 31008c 
9-310685| 
9.311289 
9.311893 


9.313097 
9.313698 
2314297 


3045930. 695407 
10.094793[9-314247 
10.09418119. 314885 
10.69357c[9.315523 


10.700345 9-308463 
10.099724[9-309109 
2 3-97 54 
i 0.698480[9. 310398 
19.6;73635[9 311042 


10.699105 


Co. t. 11 
Tan. 1019 


10.691537 
10.690891 
10. 690246 
10.689602 
10.688958 


10.697252 


72529.311085 
9.312327 
7.312967 
9.31360 


10.696636 
10.696021 


10.692959 


1069235009. 316795 
19.691743 17430 
9.308867 [10.691133 


10.689315 
10.688711 


10.688 107 
10 587505 
10 686903 
10.686302 
10.685703 


9.318064 
10.6905 2009. 318697 
10. 6899209. 319329 
9.319961 
9.320592 
9.321222 
9.321851 
9.322479 
9.323106 
2322233 


316159 


10.688315 
10.687673 
10.687033 
10.686392 
10.685753 
Rare, 115 
10. 08447 
10.6834 
10.083205 
0. 682 570 
10.587950 
10.68 1303 
10.680971 
10. 680039 
10.679408 


Secant 
118 


10.0088v7 
10.0088 33 
iO 00885 9 
! 0.008385 
o. oo89 10 
10,0059 361g 
10.008962. 
10.008988) 
10.009014 
10.009040 
10.009006 2: 
10.009092ſg 
19.0091 13g, 
10.009 1459. 
10. 0917109. 
10.009197 
10.099223 
10.009250 
10.009276 
10.00, 303 


9991193130 
999110729 


10.678778 
10.678149 
10.677521 
10.676894 
10.676257 


10. 009329 
10.009350 9 
10.009382 
10.009409 
10.009435 


9.314896 
9315495 
9.316892 
9.316689 


2317879 


J-31p284[10.682;16 


10.685 104 
10.684505 
10.683908 
10.683311 


10.682121 


9.324358 
3-324983 
9.325607 
9.320231 
9.32685 3 
9.327475 


Co.8.78 0 


dine 16800 


Secant 
78? 


Co. t. 78* 
Tan. 1680 


10.675042 
10.675017 
10.674393 
10.673769 


10.573 147 
10.672525 


Tangent 


78⁰ 


3 


8 


10.009402 
10. 009489 
10. oy 15 
10.0095 42 
10,0095 69 
10.00959. 


Co. ee. 
78⁰ 


. 


9.990803 
9.990777 
529-9997 56 
9.990724 
9.990697 
9.990071 


9.990618 
9.990591 
9-9990505 
9-9905 35 
9-990511 
9.990485 
9.990458 
9.990431 

9922404 


990644 


Sine 
78⁰ 
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219 


73 


357 


383 


40% 


45 


* 
* 


. 
. 
1 
s * 
r WOE IO nn OP r ee ͤ1—¹ ! — , 


—— —— r —— — 2 ] ͥ — 
= \ * „ 


——— —— — — 


. ER 
* — 


A Table of Artificial 8 ines, 


12 — Degrees — 102. 


| Co. Sec. 
Ef on 


1787 ro-GB2r21(9-327474/10:672526 
31847 310.6815279. 32809510. 67 1905 


Tangent] Co. t. 12 Secant 
an. nee, - 130: 
10.009596 
10.00902319.990377 


— 


Co. s. 120 Z 
Sine 102? : 
% Eocene ren cet 


9.990404 


610.6809 349.3287 1510 6712850. 0096498. 990351 


.327281110.672719 


319-319658[10.680342[9-329334[10.670566510.00967619.990324 

.320249119.67975119- 32995 3119-6700471109-00970319.990297 
32084010. 6791609. 33057010. 6694 30010. oog/ 309. 990270 
321430010. 67857009. 33118710. 6688 13010. 0097579. 9902435 
32201910. 67798 109.33 180310. 668 197/10. 00978 5%. 9902 15 
32260710. 677 39309. 332418010. 667 5 8210. oog 8 
323194010. 6768062. 333033010. 666967. o ο gg. 9916161 
323780010. 67622009. 33364610. 66635410. 09860 50 
119.3243660. 6756349. 33425910. 665 741.0. 989309. 99010749 · 
129324950010. 6750509. 33487 10.0. 665 129.0 · 992. 99079 
139.3255 3400.674469 335482010. 6645 18.10. 00994809. 99005 247 

14 9.326117[10.673883]9. 33609310. 66390710. 09975. 99002 54 


10.67 330099. 33670210. 663298010. 100039. 989997 


2009.329599 


10. 67040 109. 339739110. 66026 1010.01014 


| 9-337311[10.662685;[10.010030þ9:.989970 
11719-327862[10.6721389-337919]10.662081|10.010058[9.989942 
189 328442110:67 15 589.3385 27/10. 66147 310. 0108 59. 9899154 
32902 110.6709799. 339133010. 660867 [o. 01113 9.989887 


9898604 


10.669824. 34034410. 65965610. 0101689. 989832 


10.669247. 340948010. 659052 
8110.668672 9.341552 


10. 6680979. 342155 


— 


10.666949 9. 34335 810.6566642 


10.010196 98980453 
10.010223 9.989777) 
10.657845[10.01025 1009. 


10.667 5 220.3427570. 657 243010. 01027 


10. 6663769. 343958010. 6560420. 0103359. 9895655 
10.665 8059. 3445 5810.65 544210. 0103639. 98963 


6610. 665 2349. 345 15710. 55484310. 010391 
10. 66466 39. 3457550. 6542450. 0104189. 9895820300 


9. 989609 


1 
1 


Secant 8 


Tan 167 


F 


Co. t. 774 Tangent | Co. Sec. 
27” 1 | 


Sine 
4 


77 — Degrees — 167. 
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—— — — —— 


100% 150 200 25% 3070 35/4 4⁰ las” 


4 | | 95 142 190 237 285] 332 = 
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5 Tangents and Secants. 


| 


* 


12 — Degrees — 102. 


Sine 
012 


= 
31 


2 
o 


ö 
3009.335337 
3 109. 335906 
3209.336475 
3309.337043 
3402.337610 


| Co. Sec. | Tangent 


BE 7 bn " Ja® 


Co.t. 120 
Lan. 102 


Secant Co. s. 125 
120 {Sine 1025 


10.66466319-345755 
10. 6640949. 340353 
10. 6635259 · 34949 


10.66295719-347545 
10.662390[9. 348141 


35 9.338170 
3609-338742 
3709.339306 
3809.339871 


4109-341558 


4519-343797 
4]9-344355 
4719-344912 
bn 9-345469 
92.345024 


392-3424 34] 
405 · 340990 


349329 
349922 
310514 
35 1106 


10.65 1265 
10.650671 
10.650078 
10.649486 
10.648894 


10.0105 599.9894410 
10.01058719.989413 
10.0106 169.9893840 
10.0 106449. 9893560 
10. 0106729. 989328ʃ 


351697 


10.656203 . 354540 
10.555645 ·355227 
10.65 5088 9.355813 
10.6545 31.356398 
10.65 39769. 356982 


10.648303 


10.647713 
10.647124 


6510.646535 
10.648242 
10.64.5360 
10.644773 


10.644187 
10.643602 
10.643018 


10.0107001[9.989 300[2C 
10.01072919.989271 
10.01075719.98924 311% 
10.010786[9.989214 

19.010814{9.989186|1 


_ 


5019-340579 
5119347134 
$5219+347087 
5 319-348240 
5419:348792 
q 55 Yo 349343 

5619-349893 


| 


10.65 3421[9.357566 
10.652866[9.358149 
10.652313[9-358731 
10.65176019.359313 
10.65 120809. 359893 


| 


10.641851 
10.641269 
10.640687 
10.640107 


10.642434 


10.01 101 5.988985 
10.01 10449. 98895 


10. 0111029. 98889 


10. 55065 79. 360474 
10.650 10%. 361053 


157}Þ+350443 
5819-350992 


599.35 540010. 6484609. 362787 
09.352088 10.647912 


Co. s. 27 Secant 
Sine 16700 


10 6495 570. 361632 
10. 64900849. 362210 


9.363364 
Co.t. 


10.638947 
10.638368 
10.637790 
10.637213 
10.636636 


10.639526 


10.0111319.98886 
10. 0111609. 98884 
10. 0111899. 988811 
10.011218 9,988782 
10.011247. 988753 
10.01127019.988724 


| Tan gent 
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7 
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A Table of Artificial Sines, 


1 


13 — Degrees — 103. 


Oo. Sec. 
139 


10.647912 


10.647365 
10.6468 19 
10.646274. 365090 
10.645 7290.305584 


Tan ent 
13 


9.363364 
9.363940 
-304315 


Tan. 1030 


Co. t. 130 


10.636636 
10.636060 
10.635485 
o. 63 1910 
10.534350 


Secant 
12 


10.011276[y.9837 24 
10.011305 
10.011334. 988660 
10.011364 


'Y 


Co.s. 139 
Sine 1030 


9.988695 
9 988630 


10.011393 


9.988607]; 


10.045185 
10.644642 
10.641099 


10.643557 
10.643016 


bee 
3668 10 
9.367382 


9.367953 
238824 


10 633763 
10.633190 
10.632618 
19.632046 
1.81427 


10.011422 
10.011145 29.988548 
10.011431 
10.011511 
10.011540 


9.988578 


5.983519 
9.988489 
9.98400 


10.642470 
6410.641936 
5030.641397 
10. 6408 59 
10.610322 


9352889 
121 9.363422 


239394489 
2409.358915 


2419-36765 
1z0j9-368185[10.631815 


10.639785 
10.539249 
10.638713 
10.638178 
10.637644 
10.6371 11 
10.636578 
10.636046 
10.635515 
10.634984 
10.634454 
10.633925 
10.633396 
10.632869 
10.632341 


9.369094 
9.369663 
9.370232 
9.370799 
2321362 
9.371933 
3-37 2499 
9: 37.3094 
3-47 3929 
9.374193 


10.629201 


10.627501 


10.626371 


9.374756 
9375319 
9.375381 
9-370442 
9 377003 
9.377563 
9-378123 
9-378681 
9-379239 
9-379797 
9.380354 


10.624681 


10.630906 


10.630337 
10.629768 


10.628633 
10.628067 


10.626936 


10.62 5 807 
10.625244 
10.624119 


10.623558 
10 622997 


10.011570 
10.011599]9.988401]. 
10.011629 9.988371 
10.011653 89.988342 
10.011688 7.988312 


9.988430 


110.0117189. 988282 
10.011748 
10 011777 
10.011807 
10.011837 


10.011807 
0.011897 
10.011927 9.988073 
10.011957 
107011987 


9.988252 
9.988223 
9.788193 
9.088163 
9938133 
9.988103 


9-95824 3137 
9.938013]: 


10.622437 
10.621878 
10.621319 
10.620761 
10.620205 
10.6196 16 


Secant 
760 


Co.t. -69 
Tan 1669 


Tangent 
76 


Co. Sec. 
764 


10 012017 
10.012048 
0.012078 
10.012108 
10.012138 
10.012168 


1 
998798303 * 
9.87953 
9.987922 
9.987892 
9.987862 
9.387832 


Sine 
760 


76 — Degrees — 166. . 


47 


— 
131 
— 


20// 


7 | 10 | 12 


— 
219 


— 


253 


- - 
* — 


30% 3 ww 40// 


Tangents and Secants. 


hes... aud 


13 — Degrees — 103. 


Sine 
= * 


4 


Co. Sec. f 
$9” 


; 


Tangent 
> 8 


Co:t 13* 
Tan. 103® 


9.308185 
9.368711 
9.369236 
9.369761 
3.320285 


ö 


10.631815 
10.631289 
10.630764 
10.630239 
10.629710 


9.380354 
9.380910 
9.381466 
9.38 2020 
2382825 


10.619640 


10.617980 
10.617 25 


10.619090 
10 618534 


—_ 


Secant 
139 


10.012108 
10 012199 
10.012229 
10.012260 
10.012290 
— — 


9.370808 
69.371330 
9.31852 
9.372373 
3919-37 2894 


10.629192 


9.383129 


10.628670 


10.628 1489.384234 
10. 6276279. 382786 
10.627 1069. 388337 


383682 


10.616871 
10.616318 
10.615 766 
10.615214 
10.614663 


3-37 3414 
9.373433 
9-374452 
9.374970 
1409.328487 


10.620586 
10.626067 
10.625 548 
o. 62 5030 
10.6245 13 


385888 


9.28098; 
9-387536 
9.388084 


10.614112 


.386438]10.613502 


10.613013 


10.611916 


9-370003 
69.3765 19 

9.377035 
0 


94377549 
49:-378903 
9.378577 
9.379089 
9.375601 
9.385113 
9. 80624 
9.381134 
9.381643 
9.382152 
9.382661 
9.383168 
9.383675 


10.623997 
10.623481 


10.622965 
10.622451 
10.621937 


9.388631 
9.389178 
9.389724 
9.390270 
9.390815 


10.611369 


10.610822 


10.610270 


10.609185 


10.621423 
10.620911 
10.620399 
10.619887 
10.619376 


10.518866 
10.6 8357 


9.391300 
9.391903 
9.392447 
9.392989 
9.393531 


10. 608640 
10. 608097 
10.6075 53 
10.607011 
10. 606469 


10.61 2404 


10.6097 30 


10.012351 


(0.012505 


10.012321|g. 


10.0123821g. 


19.012443]9: 
10.01 24749 


10.012535. 


Sine 103 


9.95 2832 
44987801 
9.987771 
9.987740 
9.987710 


Co.s. 135 


10.012560 


10.026289. 98737 


10.012659 9.987344“ 
10.512690 9.98731 


10.012721 


10.012876 
10.012908 


10.012752 
10.012783 
10.0128 1400. 
10.012845. 
9-987 124 


9.98727 


9.987072 


15 


13 
12] 


939473 
9-394014 


10.617848 


10.617339 
10.616832 


10.616325 


9.395154 
9.395694 
9.396233 
9396771 


10.605927 
10.605 386 
10.604846 
10.604306 
10.603767 


10.603 229 


10.012939 
10. 12970 
10. o i 3002 
10. o 13033 
10.013064 
10.013090 


9.987061 
9.98703 
9.986998 
9.986907 
986936 
98690 


Co. s 760 
Sine 1660 


76 


Seeant Co. t 765 
an. 166 2 
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[3 
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A Table of Artificial sines, 


2 Nr 


14 — Degrees — 


DW -* * 


104. 


= 


| 


— 


Sine Co. Sec. 


14” 


). 383075 
19.384181 
290. 4687 
19.385 192 
1.388697 
59.386201 
1: 9.386704 
9.387207 
19-38770g 
9.3882 1010.611790 
1019-383714j10.61128G 


119.3892 1110.610789[9.402550[10-597 344 
1219-3897 11 2 80 


10.615313 
10 614808 
10.614303 


10.613799 
10.613290 
10.612793 
10.612291 


| 


149 


Tangent 


145 


9.396771 


3973 


403187110- 596813 
1 9 3902 1010. 609) 9.403718 
149-3907080 10. 6092929. 404249 


| Co.t. 140 
Tan. 104? 


Secant 


14? Sine194® 


Co. s. i 


- 
— _— ”- 


10.603229 


10.0130 
10.602691 


10. 0131919.9868 0957 
10. 01322209. 986778056 


10. 01325409. 98674005 5 


10.013317%9.98668 3053 
10.013349 9.986651 
10.01338 10.986619 51 
10.01341 
10.01 3445]9-9865 55149 
10.01347719-986523[48 
10. 0135099 986491047 
10.1354 9.986459 46 


t10-596282 
io $957 51 


1519-391206110. 60, 9419.404778 
59 3917030. 608297. 405 308 
725.3921990. 60% 801. 45856 
189.3926950. 607 2059 40636. 
199.393 190010. 6068 109. 406892 


10. 595222010. 01357 398642745 


10. 59363610. 0136699. 98633142 
10.593108110.01370119.986299], 1 


605821 


209. 39368 50. 6063 159. 407419 
- 2119. 394179110. 
29.394673 10.8 825 
2319-395 166010. 50483 
I: 39505 8110-694 342 
9395150100385 
59. 39664 1010.503359 
9.397 132410. 602 868 
289. 39762 1010.602379 

99-398111010. 601889 


407945 
408471 
408997 

409521 
410045 
410569 
411092 
411615 
412137 
412658 


0. t. 75 
Tan 165% 


10. 592581010. 01 3734 9.986260 40 


10.592055[10.01 370019.9862 34139 
10. 59152910. 0137989. 986202]; 


10.591 0310.013831 5.986169; 
10. 590479. o 138639. 98613736 
o. 5 895 510.0138969. 98010435 
10.589430. 013928 
10.5 8890810. 013961 
10. 58838 51001399 

10. 58786310. 01402 

10.587 342010. 014058 
1 —Y OY 


Co. Sec. 
75” 15 


9.986039 
9.986007 
9.985974 
9-985942 
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[34/9:479741[10-5202591g:500481110.4995 191 10.02074019-y79200 
359.480 140010. 51980009. 50092010. 49908010. oz Sg. 9792 20 
3619-4805 39010. 5 9461.501359 10. 49864110. 0082049. 979180 
3719-480937, 10.51900319.501797110.498203|10.020560[9.979140 
9.481334[10.518660619.502235110.497705[10.020900}9.979190 
3919-4817 31110.518269]9. 502672[10.497 325|10.02094 1|4.979059 
409.482 125010. 5 1787209. 50; 10910. 49689110. 02098 109. 979019 
41 9-482525|10.51747519.503546[10.496454|10.021021[9.975979 
1429482921010. 5170799. 503982010. 49601810. 02 1061 55/86 
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Sine | Co. Sec. Tangent] Co.t. 18%] Secant Co. s. 18 
18 180 189 Tan. 108” 189 sine 1085 
9.489982 010.5 100189. 5 11776010. 488224010. 02 17949. 9782060 
1 9.49037 10. 5096299. 5 1220610. 48779410. 021835 9.978 165,9 
I. Gos. 5092419. 5 1263510. 48736510. 02 18709.978 124580 
139.4911470. 50885 39.5 1306410. 486930010. 02 1917. 978083057 


9-491535[10-50846519.513493 
59192210. 5080, 8.5 13921 
| 619-492308[10.50799219-514349 
| 719-492695110-507305[9-514777 
9.493080. 5069 199.5 15 204 
—. 8834.815631 
1019-49385 1010. 5061499. 5 16057 
516484 
1 316910 
1132 495995110-50499519-517335 
88110. 5046129.5 17761 


10.486507 


10. 0219589. 97804256 


10.486079 
10.488651 
10.485223 


10.02 1998 
10.022041 
10.022082 


10.4847 


10.022123 


10.484369 10.022165 


10.483943 (10. 022206 
10.4835 1010.022248 


999.97 800105 
997795954 
997791863 
9-97 7877152 
9-977835151 
9-977794(5 


2019-497682[10.5023181[9.520305 
219.9806310 501937520728 
2219-4938444|10-501556[9.521151 
1z3]9493824110-50117619.521573 
99-499204110.5007961[9.521995 
2519 49958 10. 5004 1609.522417 


10. 479095 
10.479272 
10.478849 
10.478427 
10.478005 


10. 477583 


269-4999630. 500037522838 
7.509342 0.49905 9.523259 
; 89. 500721010. 499279 9.5 23680 

1299. 50109910. 49590109. 524100 
3019-501470110-4985 24.2420 


10.477162 
10.476741 
10.47032 

10.475900 
10.47548c 
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10.022959 
10.023001 


Co. Sec. 
* 
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10.023043 9.976957 
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Co. Sec. 
180 


Tangent 


18 


Co. t. 180 
Tan. 1080 


Secant 
18 


0.498524 
10. 498146 
10. 497769 
10. 497393525778 
10. 49701609.526197 


9.5245 20 
524939 
99.525359 


10.475061 
10.474641 
10.474222 
10.473803 


10.475480 
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10.491044 
10.490674 
10.490304 
10.489935 
10.48956619. 534504 


527451 


531196 


532025 
9-532439 


10. 49664009. 5 2661 5 
10. 4962659527033 
10.4958 83 
10.4955 1509-5278 

1 1 
10.494766 
10.494392 
10.494019 
10.493646 
10.423223 
10.492901 
10.492529 
10.492157 9.531611 
10.49178 
10.491415 


528285 


9.528702 
9.529119 
9.529535 
9529950 
9.5 20366 


10.473385 
10.472967 
10.472579 
10.472132 
10.471715 
10.471298 
10.470881 


10. 47005 


10.468804 
10.468389 
10.467975 
10.467561 


10. 47 2405] 


19.469634 
1 2608 19 


10.023 59 


10. 62368 
10.023725 
10.023768 
10.023811 
10.023854 


10. 0230869. 97691429 
10.023 12809. 97687226 
10.023 1709. 97683 
10.02321319.97678; 


10.023255[9.976745 
10.02 3298[9-976702 


10.02334019-976660 
10.023 38 39.976617 


10.023426 9.975824 


10.02 34589. 9765 32 
10.0235 119.97648 
10.0235 549.9764406 
976404117] 
10.023639f9.976361]16] 
976318 
9.97275 
9.976232 
9.976189 
9:976146|L1 


59.5 10803 
5609.511172 
579.5 11540 
5819.511907 
59931227 
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10.4873 


Secant (Co. t. 71 
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9.532853 
9-533200 
9.533079 
9.534092 


10.489197 9.534916 
10. 4888259. 535328 
10. 48846 
10.488093 09.5 36150 


10.4877250.5 36561 


10.467 147 
10.4667 34 
10.466321 
10.465908 
10.465496 
10.465084 
10.464672 
10.464261 
10.463850 
10.463439 


6972010. 463028 


10.023897 
10.02 3940 
10.023983 
10.024026 
10. 24070 


9.976103 
9-97606c 
9-976017 
9.975974 
9.975930 


10.0241 13 
10.024156 
10.02420 

10.024243 
10.024287 


9-97 5887] : 
9-975844 
9.975800 
9-975757 
9.975713 


14 


| 


Tangent 
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19.0243399-975079], 
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55 ] ——  _ 7 
5 1 =} Sine | Co. Sec. Tangent] Co. t. 190 Secant [Co. s. 19 
13 119 19? 199 Tan. 1092 19% [Sinen 


{ olf9+512642110.487 33 9.5 359720. 403028010. 0243 3009.97 567 | 
| 119-51 300910. 48699 19.537382 10.462018110.024374 9.97 5020[5 
-513375110.48662519-537792]10 462208 10.0244171G.9755831}58 
-513741[10.486259]9-338202110.401798110:02446119.9755 39157 
51410710. 48589309. 5 38611010. 40 13890, 024804. 97 549 56 
51447 2110-4855 2819.5 39020[10.460980[10.024548[9.97545 2.55 
51483710. 485 1639.5 3942910. 460571 e 9.975408 54 
951520210. 484798095 39837 10. 46016310. 02463 59.975 36553 
10. 4844349540 245/10. 45975 5/10. 0246799. 97532152 
. 7 10:4593471.:202472319-975277151 
12.45 8939]10-02470719.975233|50 
10.483343[9-541403[10.458532[10-02481119.975189/4g}. 
10. 4829809. 541875 0.458 12510. 02485 50. 
10. 482618954228 1010. 4577 1910.248999. | 
110-482255]9-54208t[10-457312119-02494319-975057146 
9-518107[10.48189319-543094 10.456906[10.024987 9.97501 3/45 | 
[26 9-518468[10.48153219-543499[10-450501[10.0250311g. 
1719:518825[10.48117119-543923[10-430093110.02507519.974925 
1809 51919010. 4808 1009. 5443 1010.45 569010. 025 1209. 9748804 
4 1919-5 19551110.480449]9-5447.15119-455283110.02516 9-974836/41 
E - 209.5199 11 10. 4800899. 545 11910. 45488 1010. 25 20809. 97479204 
1 2119-52027 0. 4797299545 524110-45447<119-02525319.97474713 
2219-520631110.479369[9-545928110-434072110-02529719.974703 35 | 
2319: 520990[10.479010[9-540331110-45 3669[19.02534119.974659]37] 
2449:521349 10.47865 119-540735 10.403263[10.025386 22414036 
[z519-521707[10-478293[9-54713810-452862[10.02543019:974570[35| 
H Eb. 52206610. 477934. 547 54010. 452450010. 02547 5.974525 
© - 12719-522423110-477577[9-547943[19-45205 7119-0255 1919.974481133 
 —[z$19:322781110.47721919-548343[10.451655|10.02556419.974436 32] 
' {29(9:523138[10.47686219.548747]10.451253110.02560919.974391131 
13919-523495[19-47650519-549149110:45985 1119.02505 319-974 34713 
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Co. Sec. 
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Tangent 
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Co.t 19® | 


Tan. 1090 


Secant 
19? 


Co.s. 19% 
Sine 109® 


| 


4 
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9-523495 
9.523852 
9.5 24208 
9.524564 
9.524920 
9-525275 
9.525630 
9.525984 
9.526339 
39 9.526693 


10.470650 
10. 47614 


10.475436 
10. 475080 


b 48850 
89.549550 
10. 47579209. 5 49951 
9.550352 
9.550752 


10.450851 
10.450450 
10 450049 
10.449648 
10.449248 


10.025653 
10.025698 
10.025743 
10.025788 
10.025833 


10.474725 
10.474379 
10.474016 
10.473661 


10.47.3307 


9.551152 
935155 
9 


9.552351 


9.552750 


10.448848 
10. 448448 
10. 448048 
10.447649 
19.447250 


9.527046 
9.82740 
9527753 
9.528105 
22845 


9.472954 
10. 47260 
10.472247 
10.471893 
10.471543 


9-553149 
9.553548 
9.553946 
9.554344 


9:554741 


10.446851 
10.446452 
10.446054 
10.445656 
10.445259 


9.528810 
9.529161 
9529715 
9.529864 
7.530215 


10.471190 
10.470839 
10.470487 
10.470136 
10.469785 


9.555139 
9.555536 
9.553933 
9.556329 


955⁰725 


10.444801 
10.444464 
10.444067 
10.443671 
10.442225 


10.025878 
10.025923 
10.025968 
10.026013 
10.026058 


9.974377 
9-97 430 

3974257128 
1.974212127 
9974167126 
9:974122]z5} 
9-97 4977124 
9-97 4032123 
9-97 3987122 
9-573942121 
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29]. . 


end ne k 


10.026103 
10.020148 


9.97 3897]20 


10.02619319. 
10. 02623909. 
10. 02628409. 


10.026465 


10.0263 2909. 
10.0263751g9. 
10. 02642009 


10.0265 1105. 


9.530565 
9.530915 
9.531265 
9.531614 
9.531903 


45 89 
59 


60 


9.532312 
9.5 32661 
5719-5 33009 
533357 
9.533704 
9.534052 


10.469435 
10.469085 
10.468735 
10.468386 
10. 468037 
10.467688 
10.4673 

3 5 
10.466643 
10.466296 
10.465948 


9.557121 
9.557517 
9.557913 
9.558308 
9.558702 


9.559097 


9.559491 


9.559855 


9.560279 
3-560073 
9.561066 


10.442879 
10.442483 
10.442087 
10.441692 
10.441298 


10.0265 5609. 
10.026609. 
10. 26648 : 
10.02669 319. 
10.0207 300g. 


— 


10.4409 a3 
10. 440509 
10.440115 
10.439721 
19.439327 
1.438934 
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Sine 1600 
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Co. t 700 
Tan. 160 


Tangent 
70⁰ 


10.026783 
10.026831 
10.026876 
10.026922 
10.026968 


19.022014 
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Sine I 
7 g9 


9-973215 
9.973169 
9.973124 
9.973078 
9.973032 
9.972986 
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1 619-530129 
79.536474 


þ 


I 
I 
l 
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= 


— 


1519+539223 


1 


Co. Sec. 


20? 


Tangent 
200 


| 


I 
Co. t. 200 
Tan. 1100 


Secant 


200 


Co. s. 200 
Sine 11000 


3 9.535092 
42.528 


10.465948 
10.465601 
10.465255 
10.464908 
10.464562 


9.561066 
9.561459 
9.561851 
9.562244 
9.562636 


10.438934 
10.438541 
10 435149 
10.437758 

10.437 304 


_919-537103 


-5 30818 


10.464217 
10.463871 
10.4635 26 
10.463182 
10.462837 


9.563028 
9.563419 
9.563811 
9.564202 
9-504592 


10.462493 
0. 462 149 
10.461806 
10.461462 
10.461120 


9.564983 
9.565373 
9.565763 
9.566153 
9.566542 


1619-539565 
1719-5 39907 


189 540249 
11 


T5. 537507 

g 19.537851 

: 219-538194 

319-5385 38 

: 538830 
| : 

. 548820 


10.460777 
10. 460435 
10.460093 
10.459751 
10.4594 


9.566932 
9-567320 
9.567709 
568098 
9.568480 


* 


2019-54093! 
| 21 9.541272 

2219-541613 
1239.541953 
242293 


10. 4590699. 508873 
10.4587289. 569261 
10.458387. 569648 
10. 4580479. 570035 
10.457707[9: 579422 


10.457029 
10. 45669 


10.456351 
10.456013 


10.4528 


9.571195 
9.571581 
9.571967 
9.572352 
9.572738 


be ber ER 


10.436972 
10.436581 
0. 436189 
10.435798 
10.435408 
19.435017 
(0.434027 
10.434237 
10.433847 
10. 433458 
10.433068 
10.432680 
10.432291 
10.431902 
10.431514 
10.431127 
10.430739 
10.430352 
10.429965 
10.429578 
10.429191 
10.428 805 
10.428419 
10.428033 
10.427648 
10.427262 


10.027942 
10.027989 
10.028036 
10.028083 
10.028 130 


10. 0270149. 972986 

10.027060 3 
10.027 106 
10.027152 
10.027198 22280286 


10.02724519-972755 55 
10. 0272919. 972709 54 
10.027337. 972663 53 
10. 02738309. 972617 
1.00 27430 
10.027470 
10.027523 
0.027569 
10.027615 
10.227662 


10. 0277099. 972291 
10.027755 
10.027 802 
10.027849 
10.027895 


9.972894 
9.972848 


9.972524 
7.972477 
9.972431 
9.972385 
222338040 


9.972245 
9.972198 
9.972151 | 
9-972105 41 


58 
57 


* 
50 
49 
48 
47] 


45 
44 

43 
42 


10.028177 
10.028224 
10.028271 
10.028318 
10.028365 
10.028412 


Co. t. 69. 
ran 1590 


| Tangent 


695 


Co. Sec. 
- 69? 


| 


9-972058|4of 
9.97201 1 
9-97 1964 
9.971917 
9 971870 
9.971823 
9.971776 
9.971729 
9.971682 
9-97¹1635 
9971588 


Sine 


692 


39 
38 
37 
36 
35 
34 
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20 — Degrees — 110. 


Sine 
20 


Co. Ree” 
202 


Tangent 


20 


9.544325 
9.544663 
9.545000 
9.545338 


9.546011 
9.546347 
9.546683 
9547019 
322.4234 


3492.545524 


10.455675 
10.4553 7 
10. 45 5000 


10.454662 
10.454320 


10.453989 
10.453653 
10.453317 
10.45 2981 
10.452640 


9.547689 
9.548224 
9.548359 
9.548693 
4402.842027 
9.549360 
69.549093 
9550026 
9.550359 
192.5850692 
9.55102 

9.55135 

9.551687 
9.552018 
5419-552349 


10.452311 
10.45 1976 
10.45 1641 
10.45 1307 
19.488923 
10. 450640 
19.450307 
10.449274 
10.449641 


10.448976 
10 448644 
10 448313 
10.447982 
10.447651 


12.449308 


9.572738 
9.573123 
9573507 
9.573892 
9.57427 


9.575044 
9575427 
9.575810 
9.526193 
9.575570 
9.576958 
9.57734 
9.577723 
9.578104 


Co.t. 209 


Tan. 110 


10.427 202 
10. 426877 
10. 426493 
10.426108 


10-4257 24 


Secant 
200 


10.028413 
10.028460 
0 028507 
10.0285 54 
10.028002 


Co. s. 200 
Sine 11009 


9.971588 3 
997154 
9.971493 
9.971446 
9-971396 


9-57 4060) 


10.425340 
10.424956 
10.424573 
10.424190 
10.423807 
10 423424 
10.423042 
10.422659 
10.422277 
10. 421896 


10, 28649 
10.028697 
10.028744 
10.028792 
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9. 64209 | 
9.642434 


9.044148 


9-044490 
9.544832 
9-045174 
9.045516 


9.645857 


9.607892 


* 608461 
9. .609029 
9. 609313 


10. 392108 
9.608 17710. 391823 


10.391255 
10. 390971 


10.391539 


co. 8. 669 


Sine 156 


— 390687 


9.646881 
9.647222 
9.647562 
9.047993 
9.048243 
9.648583 


Co. t. 660 


Tan 1 560 


9.641747 


9.642777 
9.643120 


9.643453 
9.643806 


9.646199 
9 646540 


10. 35 243 


10.358253 
10.357909 
10.357566 
10. 357223 
10. 356880 


10.356537 
10.356194 
10.3558; 2 
10. 355510 
10.355168 
10.354820 
10.354484 
10.354143 
10.353801 
10 353460 


10.353119 
10.352778 


10.352097 
10.351757 
2 351417 


10.038154 
10.038209 


10.038265 


10.038 59 
10. 19.385546 


10. 038320 
10. 038376 
10. 038431 
10 385 42 


10. 10.0387 10 
10.038765 
10.038821 
10. 038877 
10.038933 
10.038989 
10.039045 
10.039101 
10.039157 
10.039214 
10. 8227 2 


Tangent 
669 


Co. 2 
66 


Seram co. 3. 230 | 


Sine 113% 


9.961791 


89.961402 


9.961235 


9.961123 
9.961067 
9.961011 
9.0955 
9.960899 
9. 960843 
9.990786 
9. 909732 


Sine 
660 


9.902398 
9-902343 
9.962288{|28 
9.962233 
9.962 9-962178[26 
9. 9.952123 
9- 962067 2 
9.962012 
9.961957 
9.961902 
9.961846ʃ20 


96¹735 
5 961680 


1.961624 
9. 961569 
9.961513 
Ph 991458 


9:961346 
9.961290 


9 961179 


| 


11 
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— 


ur e 


66 — . — — x — 


8 88218 
EISEN ur 82 282212 


86 


—— — 


58 115 
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144 173 
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28 


— 


| 
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"a 
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__ 
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A Table of Artincial Sines, 


11 
299014944 


| 


757 576555 
; 0 616616 
279.6516894 

; 


24 — Degrees = 11. 


[Co. Sec. | 


24? 


Tan * 


10. 390687 
10. 390403 
10. 390120 
10.3898 37 
10.3895 54| 


9.648583 
9.648923 
9.649263 
3 649502 


7.642242 


Tan. 114“ 


10.35 1417 
10.35 107 


Co. t 240 


10 350737 
10.350598 
10. 35005 8 


10. 389271 
10.388988. 
10. 388706 
10. 388424 
10.388 142 


9.65028 
9.650620 
3 650959 


65 1297 
65 1636 


10 po 
10. 1 


10.039495 96 


10. 3497 19 
10.3493 


11 612421 
N 29.612702 
139612983 
613264 


10. 387860 
10.387579 
10. 387298 
10.387017 
10. 3867 36 


1509. 013545 
169613825 
179.5614105 
189.6514385 
3.614665 


10.386455 
10.386175 


10.385895 


10. 3956159. 
10.385 33519- 


216515223 
615502 


2 
24. +6 5 


10.385056 . 


9.651974 
9.652312 
9.652650 
9.65 2988 
9.653326 
9.653063 
9.65 4000 
9.651337 


10. 38449809. 


10. 384219 
606010. 38394 


10. 383662 
10. 38338 
10. 38310 


2809.617172 
9.61745 


10.382828 
10. 3825 5 


. 10. 382273 0.65870 


656356 
4.656692 
9.657028 

657364 
9.657699 
9.058034 
3-65836g] 


10.346674 


10. 344989 


84110. 344316 


10.343308 


10. 347688 


10.347350 
10.347012 


10.346337 
10. 346000 


10. 345663 
10. 345 326 


10.344652 


10.343980 
10.343644 


10.040347 


10.0395 5 2009. 
1003960809. 
10. 34904 1010.039665 0. 
10.348703[10.039721 
10. 348364 10.039778. 
10. 240008 10.0398 35 


10.039891 
10.039948 
10.04c005 
10.040062 


10.040118 
10.040175 
10.040232 
10.040289 


10.040404 
10.040461 
10.0405 18 


10.040575 
10.040632 


9. 
9 Wow 18 


9.960165 


9.960109 
9.96005 2 
9.959995 
2.259228 


9.959882 
9.959825 
9.959768 
9.959711 
2.95905 3 
9.959596 
9.959539 
9.959482 
9.959425 
9.959368 


10. 342972 
10.342636 


10.342301 
10.341966 
10.341631 
10.341296 


10.040690 


10.040747 
10. 40805 


10.040862 


10.040919 
10.040977 


9.959310 
9.959253 
9.959195 
9.959138 
9.959081 
9.959023 


Co. 6 
ca 


Secant 
65 


Co. t 658 


Tan. 1555 : 


Sine 
659 


* 


65 — "Degrees — „ 


107 150 


— RW 


4669 


ee e 


10 


14 


* 


139 [162 


— 


al 0.5 


— — 


185 


5 o 


231 


38 


43 


—— ͤ— 


48 


4 
4 


Tangents and Secants. 


24 — Degrees — 114. 


— — 


Sine 
24 


Co. See. 
249 


YT” IE 


Tangent 
24 


9.617727 
9.618281 


9.619662 


.618004 


9.618558 
3-0188334 
9.6 '9110[10. 280890 
9.619386 


9.619938 
9.620213 


10. 382273 
10. 38 1996 
10.381719 
10. 38 1442 
10. 38 1166 


10. 380614 
10. 380338 
10. 380062 
10.329787 


9.659039 
659373 


9.659708 
9.660042 


9.661043 
9.661377 


9.658704 


9.660376 
9.6607 10 


9.661710 


Co. t. 24 
Tan. 1147 


10.341296 
10 34096 
10. 340627 
10.340292 
—.3322 


10. 339624 
10.339290 
10.338957 
10.338623 
10. 338290 


9.620763 


9.624047 


9.620488 


9.621038 
9.621313 
9.621587 
9.621861 
9.622135 
9.622409 
9.622682 
9.622956 
9.623229 
9.623502 
9623774 


2.524319 


10.379512 


10.378962 
10.378687 


10.377865 


10. 375681 


10.328413 
10.378139 


10. 37677109. 
10 3764989. 
10 37622609. 


10.375953 


9.662043 


10 873920 6 os 


9.663042 
9.063375 


9.662709 


10 337957 
10. 337624 
10. 337291 
10.336958 
10.336625 


Secant 
240 


— TA 


Co.s. 24) 
Sine 1145 


10.040977 
10.041035 


0 041092 
o. 41150 
0. 041208 
10, 041200 
10.041323 
10.041381 
10.0414 3919+ 
10.04149719-953503[21 
10.04155519-955445]z 


10.04178319. 


9-959023 
9.958965 
9.95890 
9.958850 
2288792 


9.958677 
9 958619 


9.663 707 


9.064039 
10.37759119- 
10.377 31819. 
10.37 704417* 


10. 336293 
10.335951 
10.335629 
10.335297 
10.334955 


10. 04184609. 
10. o4 19040). 
10.04 196209. 
10. 04202 i. 
10. 04207909. 


2910.333971 


10.334634 
10.334303 


10. 333640 
10.333309 


10.042137 
10.042196 
10.942254 
10.042313 
10.042372 


9.957863 
9.957804 
9.957746 
9.957687 
9.957028 


LI 


* 


9958734026 


2 


® ne. 


9.624803 
9.625135 


9.625677 


9.624591 


9.625406 
2525948 


10.375409 
10.375137 
10.374865 
10.371594 
10.374323 
10. 37405 2 


9.667021 
9.667355 
9.667682 
9.668013 
9.668343 
9.66867 2 


10.332979 
10.332648 
10.332318 
10.331987 
10.331657 
10.331328 


Co. s. 659 


Sine 1550 


Secant 


659 


Tan. 15 50 


Co. t. 65? 


Tangent 
659 


10.042430 
10.042489 
10.042548 
10.042607 


10.042665 


10.042724 


Co. ſec. 


652 


9-957570 
9-957$11 
9.957452 
9.957393 
9.957335 


9-957270 
Sine 


6 


N 12 A . 


ul 


. 


659 Tan. 


. 
3 


250 


65 — Degrees — 155 


30% 


84 


1139 | 


3577 


. 195 


400 


7 


— 


— 


4 


— » „„ A. Ad == . 


A Table of Artificial —— | 


PTV” 


25 — Degrees — 115. 


252 ag, fraß, 


Co. Sec. Tangent] Co. t. 255 Secant 


Co. 8. 250 
Sine 1150 


ole 2504 10.374052 5.558673 10.331327 10.0427 249.9572766 
19: 62621910. 37378 109. 66900210. 330999 10.042783 9.95721715 
2.626490110.37 3510[9.669332]10 330068 
19.62676ct0.373240[9.669601110.330335|(0.042901]9.957099157 
9.627030[10:372970[9-66999 1110. 3 30009. 429600. 957040!56 


10.042842|G.9571581;8 


. s 
iS * 


145 62945 10.370547 
4.6297210U10. 370279 


9.627 300010. 37270009. 6703 20010. 32968010. 043019 
9.6 2787010. 3724309. 67064910. 32935 10/10. 43079 
7109.627840 
8e 628109 
9.628378 


9.956981 55 
9-9:0921 54 


10. 37210009. 67097710. 329023010. 04313809. 95686263 
10. 37189 109.67 1300010. 32869410. 043 197%. sees de 
10, 37162211;671634110. 32836*11.094325019.956744i51|. 


109.6286470. 37 1353.57 196310. 32803510. 043316 
oY 9.628916 10:37 0849.672291 0. 32770910. 043375 
129.6291850, 3708159. 67261910. 32738 0 0.043434 

b 672947|10-32705 3010. 043494 
67352 4l19.325725.4333.95644740 


9. 9.955684'50 
96625149 
9. 956566; 48 
9.95650647 


|=: 9629989010. 35001 109. 67 360210. 32639810. 03613 
169.6302 5710. 36974309. 67 3929010. 3260/7 1010.043673 
179.6305 2410. 3694769. 67425 710. 325743010. 043732 
1849 030792 10.369208[9.674584[10.325416[10.043792 
10.36894119.674910[10.325-90[10.043852 949561484! 41 


9.95 387. 45 
9-956327 44 
9. 956268 43 
9.956208142 


[20 I. 10.36867419-075237 10. 3247630. 043911 
by 9.631593[10.36840719.67 5504[10.3244 36110-04397 1 
9.631 859110.36814i[9.67589c|10.324110[10.044031[9.95 5969139 
23 632126010. 3678740. 6762 1710. 32378410. 044091 


9.956089 40 
9-956029139 


9-9559091[37 


4285.633454 


2419.632392[10.367608[9.57654:[10-323457119-04415 119 988499 
5.63265 810. 367 34200. 67686910. 32313 1010.044211 
1269.63 2923010. 3670779. 677 19410. 322800010. 044271 

. 63318910. 3668 119.6775200. 322480110. 044331 
10.3665 469.677 84610. 322154[10.04439 10. 
10. 36628 109.6781700. 32182910. 04445 29. 
63398410. 366016]9.67 84560. 321504 10.044511 


9-955789135 
9-955729134 


k 


* 
Secant Co. t. 64 Tangent: Co. Sec. 
649? [Tan 1544 64 64 


998848839 
Sine 2 
649 |? 


28 


64 — Degrees — 154. 


ä 
. 


1649 | Sine 


liest; 


575 e 57 207) 25% off 35// 40% er 50% 55% 


| 


Y 


20 | 25 | 30 | 35 | 40 


44 | 66 | 88 | 119] 132] 154] 276 


198] 2200243 


—_— — 


nt 


Tangents and Secants. 


25 — Degrees — 118. 


- 2 „ - 


Co. Sec. 
250 


Tangent 


5 


Co. t. 250 
Tan. 115% 


9-034249 
32.634514 


10. 3660 1609.67 8496 
10. 365751 
10. 365486 
10. 365222 
364958 


9.678821 
9.679146 
9.679471 
9-079795 


10.321179 


10.320529 
10.32 205 


* 


Secant 


25? 


10. 3215040. 0445 12 
10.044572 
10. 32085 410. 044532 
10.044693 
10.044783 


Co. s. 250 
Sine 115 


—_—_ 


9.95542 829 
9-955 308[28 
9-255 39727 
9-9552471z6 


9.039242 
9.639503 
9-639764 
9.640024 
49.640284 


10. 360758 
10. 360 979.685 29 

10. 3602 369.6856612 
10.3599769˙685934 
10.3597 169.686 


10. 3646949. 680120 
10. 364430 
10. 364167 
10. 363903 
10. 363640 
10.363377 
10. 363114 
10. 3628 5 29.682387 
10. 362589 
10. 362327 
10. 362065 
10. 361803 
10.361542 
10. 361280 
10.361019 


9.680768 
9.68 1092 
9.681416 


9.081740 
9.682063 


9.682710 
2.083033 


9.683079 


9.680444 


9.633356 


9.684324|[10.315067 
9.684646[10.31535. 


10.319880 
10.3195 5 


10. 31923210. 44935 
10.31*908110.04499519-95590s[a 
10.318; 84110,04505019-95 494 


9-955005|23 


21 


10.316321 


9.684968 


4 


9.649544 
9.640804 
9.641064 
583.641 323 
9.641583 
2 9.64842 


10. 35945069 .685577 
10. 3591969. 686898 
10. 3589369687219 
10, 3586779.687 540 
10.35841719.687801 
10.3;8158]9.688182 


10.31503 
10.31471 
10. 31438 
10. 31406 


10. 31342 
10. 31310 
10.312781 
10. 312460 
10.312139 
10.311818 


10.318 26010. 045117 
10.317937 0.045 177 
10. 31761310. 045238 
10. 31729010. 045 29919-954701[17 
10.316967[10.045 300j9-9540409Þ16 
10.316044[10.04542119-95457Y15 
10.04548219-954518h1 
9.68400 1010. 31599910. 045 5439.954457 
10. 456049. 954396012 
110.04566519-954335[11 
10. 457209 · 984 %,, 
1904578719-954213], 8 
10. 0458489954152 N 
10. 459109. 95 40 
10.313745110-04597 19-954029 
10.04603219.95 3968 
10.04609419:953 
10. 04615 50.953845 
10. 46217 99537831 4 
10. 04627 89.953222 U 
10.046340 0 


9-954702118 


Secant 


Co. t. 640 
an. 154 


Tangent 
6 


CI — — 


9.955488 


* 


10. 6448 14.955 18625 
10.04487 419-955 12844 


9.954883 | 
9.95482 3ʃ19 


_ 


A Table of Artificial 8 


* * 


26 — Degrees — 116. 


2 3080 a 9.95 3042050 

. 308 30010. 47029. 95 2980 49] 

10. 30798 110. 0470829.95 291845 

10. 30766210 047 145.5528557 

l +55 10. 307 31410. 047 207 9:952793140} | 
10. 354294}9.692975[10.307025110.94726,[9.952731145| 
52110.3540 40385 9.693293[10. 306707110.04733119-95 2609144} 

10.3537 69361210. 30638810. 947 394.95 260643 
44. 353520 — a 30607010. 474569 ·9525 442 
10. 38322 ip 69424810. 3057 5210. 0475 190.95 248 1041 
10.353010 556010. 305434/10. 04758 10.95 24190 
IIa 694883 3 0476449. 5235039 


110.3525009. 695 201 10. 304799 


10. 352271 5695518 
19.3842 960 


58110. 3517 
5.645525 10. 35 14889.65647 0.10. 3033 30 
- 5.648 5610.35 12349. 
8.84785 10. 3509 

„649 27/10. 3507269 697420 


10. 304482 
10. -394164 


10.393847|10. 


9 695236] 
5.695153 


696787 


69 "4a 303213 
3040 7103 


10. 302897 
10. 3025 80 


* 


10.477009. 952294038 


10. 047769.95 2231 
2 


10. 046020 9. +95 1980 
10. _— 9. '95 1917 


T t| Co.t. 260 Secant Co. s. 26 
wo ran. 116% 269 sine 1160. 

68818210. 31181810. 0463409. 95 3000 55 

bez 101110, 35789919-688502}10.31 1498}10,046402[9-95 3598 59 
42355 110-3576 [10.311177110.046463f9-953537],8 

2 10-3t0857pto. 046525 3-953475[57 

110-3105 3710. 04658519-95 3413056 
10.310217Þ10.04664>13-953352f5ct 

64339 —— 103010. 30989710. 0465 10 ·95 329054 
p £43395 0.35635 3110.302577[10.046772Þ9-95 32281; 3 
5.6439 10. 35609 0.309258 10. 0468345316652 
9.641640. 35583 10. 308938[10.946896[9-95 3194[5 1} 


5.649827 10.35047 f. 23001-30224 951791 32 
p. t. 63© Tangent Sine 
an. 153 632? . 
rr 
1 5 offils 15% 20% 25// 30// 350 g/ 5075 g/l 
ABA 
1) 5 LEE 42 | a7 | 52 | 58 


Tangents and Secants. 


26 — Degrees — 116. 


Sine 


| 260 


£0 


260 


Co. Sec. 


| Tangent Co.t. 26 
Tan. 116 


9.649527 
9.64978 
9.650034 
9.650287 
2588839 
9.65079 

9.652044 
9.651297 
9.051549 
9.651800 
9.052052 
9.652304 
9.652555 
9.65 2806 
9.653057 


9.053307 
9.65355 

9.653858 
9.654059 
2.684309 
9.654558 
9.654808 
9.655058 
9.655 307 
9.655556 


10.345 


10.349208 
10.348956 
10. 348703 
10.348451 
10. 348 200 
10.347948 
10.347 
10.347445 
9.34719 
19-349943 
10.346693 


10. 346442 
10.346192 


10-345 


10.345 442 
10.345192 
10.344942 
10.344693 
10.344444 


10.350473 
10. 3502 1909. 
10. 34996609. 
10.3497 139 
10. 3494610. 


9.099316, 
9.099632 
9.09994 7119-30095 3 
10.2997 37 
19.299422 


9.700263 
9.700575 


10. 300368 10.048588 
10.048651 


10. 301 31510. 04839809. 
| 10.048461 


696 


9.700893 
9.701208 
9.701523 
9.701837 
9 702152 


941 
691 


9.702466 
9.702780! 
9.703095 
9.703409 
9.703723 
9.704030 
9.704350 
9.704663 
9.704977 
9.705 290 


10. 29910 
10. 298792 
10.298477 
10. 298 163 
10. 29781 
10.297534 
10. 297220 
ic. 296905 
10. 296591 
10.296:77 


10.295904 
10.295550 
19.295337 


10. 29471 


9.055805 
3-656054 
9.656302 
9.6565 51 
9.656799 
9.657047 


Co. s. 630 
ine i 530 


10.344195 
10. 34394. 
10. 343698 
10.343449 
10.343201 
19:342953 


Secant 
6 * 


9.705003 
9.705916 
9.700228 
9.706541 
9.706854 
9.707 100 


Co. t. 6300 
Tan 153? 


10.2931 
10. 292834 


630 


10.048 8419.951159 
10.048904 9.95 103619 
1004896809. 95 1032414 
10.090329. 95096817 
19.04909519-950905110 
10.0491 5999-9508 41]! 5 
10.04922219-950778Þ14 
10.04928619.9507 14} 3 
10-04935019-95005 
10.0494 14{9-950526]1 
10.04947819.-950522fIC 
10.04954219-950459] 5 
10.049606(19.950394 
10.295 . 09-9503 ze 

10.0497 349 · 950260 
10. 2943970. 0497989950 
10. 294084 10.049862 9.950138 
10. 293772010. 0499269. 950074 
10. 29345 - 0499909. 9500 


10. 05005 59.949945 
10.0501 199. 94988 


Co. Sec.] Sine 


6 


12 


63 — Degrees — 153. 


10% 


* 


577 


The 


WB 


53 


20% 
— 


105 


3555 


2 57% | 


N 


131 


300% 


- — 


3 g// 


1184 


400% 


— 


Lt 


—_— 


2 — 


* 


A- Table of Artificial Sines, 


O— 


* 


27 — Degrees — 117. 


” FS 
— 


Co. Sec. 
| 250 


4 » 


1319.660255 
3 660 


1. 
4 


Tangent 
| 27 o 


Co. t. 270 
an. 11/0 


Secant 
270 


C0. 5. 27 
Sine 117 


— 


45 1034295 319.7074 6610. 2028 34 


110.342705[9.707478]10.292522 


10.292210 


10.050119 
10.050184 
10.050248 
10.050312 


949881 60 
94981659 
9497525658 
9496887 
949623156} 


19. 29034 
10.290029 


10.050377 


10.005063 
10.0507 


10. 289718 
10.289407 
10. 289096 
10.288785 
10.288475 


10.288 164 
10. 287854 


10.287544 
10.287234 


9.7 1307610. 286924 


10.05 1025 


10.050765 
10. 05083 


9.713380 
19-7 3690 
9.714005 
10.337257. 7 143 1410.285680 
10. 33705 409.7 1402410. 285376 


10. 286014 
10.286304 


10.235995 


. O. a8 5007 
10. 28475 


10.284449 


10. 3360809. 7 15 860/10. 284140 
10.335837 9.7 1616810. 283832 


10.283523 
þ 


oof Tangent 
629 


10.05 141 


10.05 1546 


9495758055 
94949454 
94942953 
94936462 
2228895 
91923550 
994917049 
10.05089519.949105|,8 
10.050960[9*949040], - 

9-94897 5146 
10. o5 10909. 9489 0045 
10.051159 .948845044 
10.051220. 948780043 
10.05 1285.948715 
10.05 135 19. 9486.49 
5141019.948554140 
16.051481]9.948515]0 
94845438 
10.05 1612. 9483880; 
10.051670. 948323036 


10. o5 1759794825735 
10. o5 18089. 948192034 
10. 518749. 548 126033 
10. 05 19409. 948060032 
10. 0520059. 94799531 
10. 05207 100. 947929030 


Co. Sec. 
62? 


— 1 


62 — Degrees — 152. 


| tos lg 


Te: 


1.1 16 


4 * 


200% 25% 
81 [101 


32 


zo” 


y 6/7 407 


22 | 22. 


— 


Tangents and Secants. 


27 — Degrees — 


Co. Sec. rangent 
; 270 1 279 


Co.t.270 


Tan. 117 


Secant 
270 


5110. 3346525 


10. 335 5949.716477 
10. 3353529.716785 
10. 335 109 
. F677 3748 

9.717799 


10.283523 
10.283215 


9.717093 page 46 ae 


o. 282599 
10.282291 


10.052071 99479290 
10. 052 137.947 8639 
10.05220319-947797|28 
10.05226919-9477 31127 
10. 5 2335.947665 z6 


36 
37 66610 
3809.666342 
9 666583 


6658 59/10. 334140 9.718325 


10. 33438 39.7. 8017 


10. 33390009. 7 18633 
10. 33365 89.7 18940 
10.33341719-719248 


10.333176[9-7+9555 
10.33293519-719802z 
10.33209519-7 2016 


9.66826 


44 dene 


610. 33125409. 722009 
: 19.331014 


10. 3305 369.722925 


5 319- 209942 


55 


549.6701810. 3298 1900 723844 
9.6704 1910. 329581 
569.6570658 10. 329342 9.724454 
9.708901. 329 1049.7 24759 
9.67 11344710. 3288609. 7 2506 
671372010. 3286289. 725 369 
952160910. 32839 1.25674 


10.332454. 20470 
10.332214. 20783 


10. 3317349721390 
10. 3314949721702 


3 
10. 3307759. 722621 


10. 330297 9.723232 
10. 3300599-73353” 


10 281983 
10.281675 
10. 28 1367 
10. 28 1060 
10. 280752 


10.05 240199475995 
10.05 24679. 9475334 
10.0525 330.9474673 
10.05 25999. 94740102 
-947335|21 


10.05206; 


10. 280445 
10. 280138 
10. 279831 
10.279524 


10.229212 
459. 66802610. 3319749. 2108910. 278911 


10.27 8604 
10. 278298 


10.277991 
10. 277685 


10.277379 


10. 27707 3z J: 0.05 34629. 946538 
10. 276768010. 0535 299.9465471 
10. 27646210. 05 35969. 946404 
10 27615610. of 366309.946337 


10.05 27310. 947 269 


10.05 27979. 947 203 


10.05 28649. 947 130 
10.05 29309. 947070 


10.05 33299. 946671 
10.05 33969. 946604 


724149 


Co. s. 62 
Sine 152 


Secant 
620 


1 —_— 


Co. t. 620 
Tan 1520 


50.274935 


10.275851 
10.275540 
10.275241 


10.274631 
19.274326 


10.05 38649. 946136 


10.05 4005 


10.0537 3009. 9462700 


10.053797 9.946203 


9.946069 
9.946002 
9845935 


10.053931 
10.05 3998 


Tangent 
62 


Co. Sec. 
620 


Sine 
620 


4 


cam 


1 


__—_— 


i 


62 — Degrees — 152. 


* . 1 


4 
3 * 


} 
77 MH 
41 


— 


* 
— — — 


4162 | 83 | 


"3; 


103 


8 
— 


145 


40// 


507 55% | 


"5 


| 2 8. 
166 [186 [207 


—_—_ 


— © 


O - 


kat 


2 


A Table of Artificial Sines, 


28 — Degrees — 118. 


Co. Sec. 


280 


10.328153 


10. 32791009. 
10. 32767909. 
5 $110. 32744219. 


0.328391 


Tangent 
289 


ö 34 
9.725074 


110.327205[9. 
10.326968 
1 4225 9. 2 


' 
15 
16 


17 
18 


1109.674213 
1249.674448 
1309.674684 
674919 
075155]! 


673977 


675390 
875625 
678552 


10.324375 


8 323352 
10. 325316 


0 324845 
0.324610 


10.324141 


9.727501 


95 729323 
9.72962 
2. 2222929 


Co. t. 280 
an. 1180 


10.274326 
9.725979 10. 274021 
10.273710 
19.4734 
9210.223108 
10. 272803 
10.272499 


10.272195 
10.271891 


10.271585 
10. 271284 
10. 270980 


10.270374 
10.270001 


k 


Secant 
28? 


Co.s. 28“ 
ine 1189 


10.054c65 
0.054132 
5.054200 
10.054267 
1 


0.054334 
— —46ͤ 


10. 05 4402 


10.054469 
10.05 530 
10.05 460. 
10.054672 


10.054739 
10.05480719-945193 
40.270677110-05487519-945125 

10. 0549429 945058 
10.05501019-944990 


9.730233 
9.730535 
9.730838 
9.731141 


0.323906 


9.731444 


676562010 323438 4 732048 


0.323072 


.676796[10.32320 


.677030 
677264 


10.322970 
10. 3227 36 


678663 


577498 
677731 
677964] 
.678197 
478430 


0. s. 61© 


Sine 1510 


10. 322502 


10. 322269 


10. 322030 
10. 321803 
10. 321570 
10.321337 


Secant 
61 


731740 


4 


732351 
9.732833 
232955 
733257 
733558 
733860 
«734162 
734463 
22247654 


Co. t. 619 
N 


10.209767 
10. 269465 
10. 269162 
10.268856 
10. 2685 56 


10. 268254 
10.267952 
10. 267649 
10. 267347 
10. 267045 
0. 26674 

10. 266442 
10.266140 
10. 265838 


10.2055 37 
10.265230 


Tangent 


2 


10. o 50789. 944922 
10.055 1469.944854 
10.055214). 944780 
10.05528219.944715 

10.05535 

10.05 541809. 9.9445 82 
10.05548019-944514 
10.05555419-944440 
10.05 5623 


10.05 569 :[9.944 309 


9. 9-944650 


944377 


9. 945935 60 
9 94586 8 19 
9.945 8005 8 
994573357 
2258056 


9.945 598 
9.945531 
9.945404 
9.945 390 
9945328 
945261 


10. 0557 59.944241 
10.05 582d. 
10. o5 58969. 944104 
10.05 59õ 
10.05003319.943967 
10.05010219.942898 


944172 
944030 


Co. Sec. 


61? 619 


Sine 


287” 


61 38 — 131. 


55 


] 


pry 


10// [ 50 200. 


39 | 58 78 


ac 


97 


23 


"28 


zo 


40 


1:6 


. 


* 1 


34. 


b 
4 


— — ff 


Tangents and Secants. . | ; 


28 — Degrees — 118. 
5 5 . 

Sine | Co. Sec. | Tangent] Co.t. 28*| Secant |Co.s. 280 
280 280 282 [Tan. 118 280 [Sine 1185 


3009. 67866310. 32 13370. 7 3476410. 265 236010. 0561029. 9438980300 
319.6788950. 32 1105.0. 73506510. 26493410. 05617009. 943830029 : 
329.6791280. 32087 2.7353. 7/10. 264033010. 0562 399.9437610 280 
133 9-67936q|10.3206401[9.735668[10.204332 10.0563071]9 943693127 
134]2-679592]10.320408[9.7 3596910. 264031[10.05637619.943624|:0 
35967982410. 32017609. 7 3026919. 26373 110.0564459. 94355 5[251 
136 — 199440. 7 36570010. 263430010. 0565 149.9434804] 
379. 68028810. 3197 120.7 3687 1010. 263 129 10.0565 839.9434173 
138 9.6805 19.10. 3 1948 100. 73717 1010. 26282910. 05655 29.943348 
392.582 89ʃ19.3192 5009. 3747 1010. 26252910. 05672 1.943279 
4009080982010. 3190180). 73777 1010. 262229010 0567909. 9432 100 
4.68 1213010. 3187879. 73807 1010. 261929 10.0568 599.943 141019 
42968 1443/10. 3185 579. 73837 1010. 26102910. 0569289, 94307 2018 
4200.68 1674/0. 3183269. 73867 1010. 26132910. 0569979. 9430031 
44.681905 10. 3180950 73897 1010. 26102910. 0570569. 94293 
45˙82 13510. 3178659. 73927 1.1. 20% 29.10.05 1 369. 94286415 
4058236510. 31763 5%. 73957010. 2604 30010. 0572059. 942795014 
479.6825951 0.317405. 739870 1c. 2601 30010. 0572759. 94272513 
489.6828250. 317175. 4016910. 25983 110.0573440: 9 4265012 
q19]2:033055110-310945[9-74946>[10-259532110-057413[9-942587]11] 
509. 68328410. 3157 169. 74076710. 25923310. 05748 39.9425 
519.6835 14010. 3164869. 74 106610. 258934010. 057 5 5209.942448 8 
529.6837430. 3162579. 74136510. 256635 2 5575054 81 


— 


3 319-683972|10. 3160289. 74166410. 25833010. 057692 
$42034201110-3157999-741962110-258035110-057761]9-9422390; 
5519-084430[10.315570[9.742261|10.25:739|0.c57831]9.942169| 5 
15019-68465 83110.315342[9.742559[10.257441[10.05790:[9.942099] 4 

3719-084887[10.315113[9.742858|10.257142[10.057971]9.942029] 3 
133]9-085145110.314885}9.7431506 10.25684 qj10.05804119.941959]-2| 

59 9.685 343010. 3146579. 74345410. 25654010. 058111 941889 
509.8552100. 314429. 4375210. 256248010. 058 18 19.9418 19 


4 
Co. s. 610 Secant Co. t. 610 Tangent | Co. Sec. | Sine E | 


| Sine 1810 610 [Tan 1515 61 | 610 „ E | 
J | - þ - 
8 $ 6x — Degrees — 151. 

| 8 1 10 „5 40 25// 300 351 40 45“ go 550 
1815 | 25 30 75 100 [125 [151 [176 [201 226 1251 [276 | 


I I 


A Table of Artificial Sines, 


29 — Degrees — 119. 


Co. Sec. 


29? 


pe 


Co.t 290 
Tan. 1199 


Secant is, 290 
_ [Sine 1197 


29 


10. 31442 
10.314201 


10. 3139730744348 
10. 313746744645 
10.3138180.244943 


743752 
$7 44050 


10.256248 
10.255950 
10 255052 
10.255355 
10.25 5957 


5 6867 
586936 
80968738 


10. 313291 
10.3 1306 
10.312837 
10. 31261 


9745240 
9.745538 
9745835 
9.746132 
2246429 


10. 254760 
10.254462 
10.254165 
10.253867 


10.253571 


10.058181 
10 058251 
10.058321 
10.058391 
10.058461 


10.058532 
10. o5 8602 
10.05 8672 
10.05 8742 
10.058813 


2.248395 


9.941819 
9.941749 
5.941079 
1.941609 


9.941468 
9.941398 
9.941328 
9.941258 
9.541187 


109-6878 3 
11 on 
1219. 8829 

113 688527 
1409.688747 


10.312157 


10.311931 
10.311705 


9.7467 20 
9-7470²3 


10. 293274 
10.252977 


9.747319 


10.311479 
10.311263 


9.747616 
24221 


10. 25268. 
10.252384 
10. 252087 


— 


1569.689198 
117 689423 
189.6589648 
192.6898723 


10. 3110289. 748209 
10. 3 108029. 748505 
10.310577. 748801 


10.310352 


10.310127[9.749393 


- 49097 


10.251791 
10.25 1495 
10.251199 


10. 250903 
10. 250607 


— 


10. ob 8883 
o. os 8954 
10.059025 
10. 59095 
10.059166 
10.059237 
10.059307 


9.941117 
9-041 O46 | 
9.94097 
9.940905; 
994283. 
9.940763 
9.940093 


10.059378 
10. 059449 
10.059820 


2009 · 5900098 


2109.690323 


10. 3099029. 749689 
10. 3096779. 749985 
690548010. 309452750281 
690772010. 309228 9.750576 
69099610. 30900, 0.7 50872 


10. 25031 
10. 250015 
10. 249719 
10. 249424 
10. 249128 


10.059591 
t0.0;9062 


10-03 D733 
10.059804 


10.059875 


9.940022 
9-942551 
:+940480 
594 409 
9-940338 
9-940207 
9-940196 
9-9401z6 


691 
691668 


.691220{10.30878-[9.751167 
10. 3085 569.75 1462 
10. 3083329751757 
69189210. 308 1089.75 2052 
69211510. 307885752347 
69233910. 30766 19.7 5 2642 


10.248833 


10.248538 
10. 248243 
10. 247948 
10. 247653 
12.247388 


10.059947 
10.060018 


10.500899. 939911 


10.060 160 
10.060232 
10.060303 


95910053 
9.939982 


9.939840 
9.939768 
9.939097 


Secant [Co.t 60 


' 602 


Tan. 1500 


Tangent 


602? 


Co. ſec. 
600 


Sine | 


600 


60 — Degrees — 150. 


2 


93 


; 8 


— 


30 


307% 357 


112 


36 


130 


2 


» 


42 


_— 


TIM 


Tangents and Secants. 


— 


FAY 


ng 0” 


29 — Degrees — 119. 


Sine 
29? 


[Co. Sec. Tangent 


292 


29? 


342.5923231 


69.693676 


9.092339 
9.692562 
9.692785 
9.693008 


10. 30766 
10. 307438 


10. 307215 753231 


10. 306992 
10. 306769 


752642 
752937 


9.753526 
9.753820 


* 


Oo. t. 29 
Tan. 119? 


10.247358 
10.247063 
10. 246769 
10. 246474 
10. 246180 


Secant 
290 


10.060303 9. 
10.060375 
10 06044619. 
10.060518| . 
10.060590 


9.693453 


9.693898 
9.694120 


9-694342 


44[2:095459 


9.694564 
9.695786 
9.695007 
9.695229 


10. 206547 


10. 306324 


10. 306 102 


10. 305 880 


10. 305658 
10. 305 436 


10. 305214 


10. 304993 
10. 304771 


10. 304550 


9.754115 
9.754409 
3-7 54703 
9-754997 
9-755291 
9-755585 
9.755878 
9.756172 
9.756465 
9.256759 


10.245885 


10.245591 
10. 245 297 


10. 245003 
10.244709 
10.244415 


10. 244122 


10.243828 


10.243535 
10. 24324 


10, 60661 
10.060733 
10.060809 
10.060877. 
10.060949 09. 


10.061020ſg. 
10. o6 109209. 
10.06 116 
10.06 123709. 
10.061 30909. 


8.598555 
9.095892 
9.696113 


52 


9.696334 
9.696554 


9.097215 
9-097435 


10. 304329 


10. 304 108 
10. 303887 


9.757052 
9.757345 
9.757638 


10. 303666 
10. 303446 
10 303226 


9.75793 
9.758224 


10 303005 
10. 302785 
10. 302565 


10. 302346 


9.758810 
9.759107 
9.759395 
9.259687 


10. 240313 


10. 242948 
10. 24265 5 
10.242362 


9.758517|10. 


10.302126 
10.301906 


10.301687 


I10.30124 
10. 30103 


2 1 56 


9.759979 
9.780272 
9.760564 


9.761148 
9.261439 


Co. s. 60 


Sine 15800 


Secant 
60 


Co. t. 60? 
Tan. 150 


10. 240021 
10.239728 


10.238852 


10. 239436 
10.239144 


10.238561 


Tangent 
60? 


10.062469 


Co. ſec. | 
60 


60 — Degrees — 150 


WE 


20// 


: | wa 


— 


40% 


74 


- 


98 [123 


YT 


172 


* 


| 


— 


A Table of Artificial Sines, 


30 — Degrees — 120. 


8 
+ 
O — 
2 


10 
9 20 Soy FI 


_ 


10. 701151 


— 


10. 299504 763479 


Tangent 


TY co 


9.761439 
9.70173 
9.762023 
9.762314 
9.702600 
9-702897 
9.763188 


| Co. Sec. 
30? 


10.307030 
10. 300811 


10. 30037 
10. 300 186 
10.2999 38 
10.29972 


10.299284 
10. 29907 
10. 298849 


763770 
9.764061 


9.764352 


111 701368 
12.701585 


75.702236 
169702452 
175 702669 
1809.702885 
9.703101 
Eo - 703317 
219703533 
EZ2P-· 703749 
2309.703965 
2349-704179 
9704395 
269.7046010 

$9-704825 
J-705040 
90.705254 


< 9.701802 


242 


J. s. 59 
ine 149 


10. 2986329. 7040 
9.764933 
9.765224 
2251 


Co. t. 300 
Tan. 1 =o | 


10.238561 
10 238269 
10.237977 


10.237680 


10.237 394 
10.237103 
10. 2368 12 


10.365 21 


0. 236230 
20.23 IG 39 


10. 235048 
10.235357 


10. 235067 
10.235477 


10. 2 34486 


10.297 7649. 65 805 
10.2975481[9.7600095 
$0:297 331 9.76638 5 
10. 2971159.766675 
10. 29689990 766955 
10. 290668 3 9.76725 ) 
10. 296467 707545 
10. 29625 19.767834 
10. 296036[9.768124 
10. 2958219 768414 
10. 2956059. 768703 
10. 295 3909.768992 
10.295 1759.769281 
10. 29485 9.769570 
10. 29474009 709500 
10. 2945 3109.770148 


10.234195 


10.233905 
10. 233615 
10. 233325 
10.233035 
10. 232745 


10.232455 
10. 232160 


10.231876 
10. 231586 
10. 231297 
10. 231008 
10. 2307 19 


10. 239852 


590 


10. 230430 
10. 230140 


Tangent 


Secant 
300 Jsine 120 


Y 


10.062469 
10.062541 
10.062615 
10.062688 
10.062702 
10.062835 
10.052908 
10. 06298 19.937019 
10, 6305499030940 
10.c63128[9-930872 
10.03 2019.930799 
10. 06327 5·936725 
10.063 3489.936652 
10. 06342 20.836578 
10.063 5699.936431 
10. 0636439930357 
10.6637 16.936284 
10.637909. 936210 
10.063 8649.936136 
10.03 3938.936062 


10 0440129.935988 
10.04 10869. 935914 


9.937531 
9.937458 


9937312 


3-937 105 
9-937092 


10.04423 
10.064308 
o. 06438209. 


:0.00445719-935543 
10.c6453119-935469 
10.06460519-935395 


Co. Sec. 
5 | 


Sine 


59? 


1 


% ci 
o. s. 30 


9.937385, 
9.232238 


2238209 


39 — Degrees — 149 


\ 


20// 


1 37 


—— — i 


54171 


1 


1] 25 


3 


MM 
257% 
— 


89 


— 


300% 


* 


38070 
126 


— — 


43 


47 
40 


Tangents and Secants, 


30 — Degrees — 120. 


|=| Sine | Co. Sec. [Tangent Co. t. 300 Secant Co. s. 30% 
%% FF g0* 0 Tan. 1200 3 


10.064680. | 
10,0047 5419- 935240 29 
10. 294103 9. 770% 0229274010. 064829 9.93517 10 L 
339.7011410. 2938889. 77 1015010. 228985010. 0649039. 93 509. [27 
34% 706326110. 19.2936 419-771303110- 22869710. 06497 89.935022 
35.7065 39010. 10.293451 977159210. 228408010. 6505 2.93494 5¹zZ. 
13219-7067 53010. 2932479. 77 188010. 22812010. 065 1270.934873 
37.706967 10.29303319.772168 10. 227832010. 065 2029.934798 
89.70 18010. 25282000. 77245710. 227543010. 0652779.934723 
13919. 70739319-29260719.772745|10-227255]10.06535119-934649]z1 
+1019.70760t[10.29239419-77 3033 10. 22696710. 065 4269.934574 
4109. ,707819]10-292381 9.773321]10.220679|1c.06550119.934499 
429. 70803 20. 2919689. 77 3608010. 22639210. 06557019-934424 
4309. 708245 10.291750. 773896 10. 22610410. 065551 9.934349 
242.2084579. 2915430224840. 225810010. 5.065 7 2609.934274 
4519. 5.708670 10. 2913309 77447 10. 22552910. 5.06; 80119. 93419915 
409. 708882010. 2911189.7747 59/0. 225241 10.066877 9.934123 
[+7]9-709094|10.29000619.775040[10.22495 9-934048, 
+519.709306[10.29069413.775333[19-224667[10.06602719.933973 
4919-7095 18110-29048219.775021[10-224379|10. 066 1029.931898 
509-7097 30010. 9027. 9.77590 10. 22409210. 01789. 933822010 
5.5.7 1994110. 290059. 7719510. 22380510. 6625 30.933747 
52.7 101530. 2898497764820. 213518 10.06632919 933071 
15 30.7 10364110. 2896 360. 77676910. 22323 1010.066404. 933596 
42.2182 5119-28942519.777055[19-222945110.06648019. 23 
5519-7 078610. 2892 14.7773 42 [18222550665 56.933444 
5609.7 1099710. 28900309. 77702810. 22237 2010. 06653 1.933369 
79.7 11208010. 2887929. 77791510. 22208 510. 0667079. 933293 
809.7 1141910. 288 58 109. 78201010. 22179910. 066783 9.933217 
99.7 1162910. 28837 109. 77848710. 221512010. 0668599. 933141 - of 
9919.711839110.28816:19.778774| 0221226110, 06693419: 933066 


301g.705469110-29453119.770143]10.229852 
(3 !19-793083110. 29431 719-770437110-229503; 
32 = 


Co.s. 59 Secant co. t. 590 Tangent | Co. Sec. Sine | 
vine 149] 59 Tan. 149. 595 E 


© 
50 — Degrees — 149. 


7565 


* 75 a | | 
1 5% ho! [15/7 20, 250. 30% 35 r 40% 45. 50. 550 
— — — 1 — —— — — — — — 5 


5 | 24 | 48 | 72 96.120 [144 [168 [192 216 [240 


592 Tan. 
| 


A Table of Artificial Sines, 


31 — Degrees — 121. 


— 


Co. Sec. 
310 


Tangent 
31 


Co. t. 31⁰ 
ran. 1219 


Secant 
310 


Co. s. 310 
Sine 1210 


7128 


ih: 


1609.714975 


71309810. 286902 
373288 10.286692 
713517 
713726010. 286274 


10.286483 


71393510. 28666509. 
71414410. 28585009. 
71435210. 28564809. 
139.7 14551010. 28543997 82486 


10.285231 


10. 2850229. 83056 
169.715 18010. 2848 14.783341 
1719-715 394010. 28460 
189 71560110. 284399097 83910 
10.284191 .284195]10. 215805 


10.221226 
10. 220940 
10 220654 
10. 220368 
10. 220082 


10.066934 


9.933066 


10.067010 9.9 32990 


10.067086 


10.067 162 
10.067238 


9-932535 
PRIZES 


9.780203 
9.780489 


9.780775 
9.781060 


782771 


10. 21 9797 


10. 219511 
10.219225 


10. 218940 
10.218654 


9.781631[10.21836g 


, 0.218084[10-067772] 1.932228: 
10.217799g}O. 


p 


10.067315 
10.067391 


0.067 467 
( 0.067, 43 


1.0:67020 


9.932085 
9.932609 
9.932533 
9.932457 


10. 670969. 932304 


10. 2175 1410.067925 


783620 


10. a 1609 


067849 


932151 


9.932914 


— — 


92222898 


10.068 15 5.93 1845 


10.068232 


31 89443 
9-9317 

10.068 3099.931691 
10.068 380 


9.931614 


2419-7 168 


7 16017]10.28398319-784479]10-21552 
he 7 16224110. 2837709. 8476410. 215230 
220971643210. 283568097 8504810. 214952 
2319-7 1663910. 28336 19.785 332010. 214068 
10.283154 9.856100. 214384 


10.068463 


10.068 5 40 
10.068617 


10.068694 
10.068771 


9.931537 
9.931460 
9.931383 
9.931306 


— 


2519-7 1705 3010. 282947 
71725 
71746610. 282534 
71767 0.282327 
129 9.717879ʃ10. 282121 


10.282741 


785900 
786184 
786468 


9.786752 
9.787036 
9.787319 


10. 212964 
10.212681 


10. 2 14100 
10.213810 
10.213532 
10.213248 


Co. t. 587 
Tan 148? 


10.068848 


10.068925 


1 0.0609 I 57 
10.0692 


10.069002 
10.069080 


9:931152 
9-931075 


9.939920 
9.93084 3 


9-932075 
10.217229|10.c680021g. 8 
10. 2 1694410. 068079 
10.216659 
10.216374 


9877921%5 


293229030 


9.930998 


9. 930766030 


45 


42 
417 


58 — Degrees — 148. 


10 | 


ter” 


207% 


| 
E371 


19 


= 


8. 
86 


32 


300% 


E 


— 
103 


— 


39 


4 


9 


55 


120 LE ; 
$ | 52 1 53 | 04 


1. 


Tangents and Secants. 


— 


31 — Degrees — 121. 


43 


5419-722994 
2 9-723197 


8 9.723805 
0019.7 24210 


Co. Sec. 
31 


Tangent 
349 


| Co. t. 310 
Tan. 1210 


10.281915 


9.787319 


10. 281709 


10.281503 9.787886 
10. 28 12979. 788 170 
10. 28 109109788453 


9.720754 
9.720958 
9.721162 


10. 280475 
10.280270 
10. 280065 
10.279860 
10. 27965 5 
10.279451 


10.279246 
10. 279042 


10.278838 


9.721366 


9.722181 
9.722385 
9.722588 
9.722791 


9-7 23400 
9.723603 


9.724007 


9721570010. 278430 
9.721774[10.278226 


4919-721978 


10.278634 


10.278022 
— — — 


10. 2808 869.7887 36 
10. 28068009. 789019 


9.787603 


9.789302 
9.789585 
9.789868 
9.7901 o I 
9.790433 
9.7907 10 
9.79099 
9.791281 
9791503 
9.791846 
9.792128 
9.792410 
9.792092 


; 


10.2778 19 
10.277615 


10. 277209 
10.277006 


9792974 


* 


9.793256 


10. 27741209. 7935 38010. 206402 


9.793819 
9.794101 


10.276803 
10.276600 
10.276397 
10.276195 
10.275993 
10.275790 


9.794383 
9.794664 
9.794945 
9.795227 
9.795 508 
9.295789 


10.212681 
10.212397 
10.212114 
10. 211830 


Secant 


315 


10.069234 
10.0693 12 
10.069389 
10.069467 
10. 21154710. 069544 


Co. s. 319 
Sine 1210 


9930766030 
9930688029 
9.930611 
9.9305 3302) 
99304560260 


10. 21126410. C6962 


10.0697 


10. 2 10981 


10. 21041; 


10. 209567 


10. a09001 


10. 2087 1910. 0703239. 929077 20 
10.07040119.929599|r5| 


10.2084 37 


10.208154[10.07047 


9-930378125 
9.9303084Eë4 
10. 2 1069810. 697779. 93022303 
10.0698 5 59.930145 z2 
10.2 1013210. 0699330. 930067ʃzK1 


10. 20984910. 07001 109.9299890 ·0 
10.07008919.929911|,g9| 
10.209284[10.07016719.9298333|18| 


992952114 
10. 20787210. oog 5809. 9294423 
10. 207590010. 0706369. 929364012 
10. 207 308010. 070 1419. 


17 


10.206744[10.07087119.929129] 9 


I 
10.207026|10.07079319.929207 ro 


10.206181 


I0.205055 
10.204773 


10.204492[10.07150119.928499 
10.07 158009. 928420 


0. 204211 


10.0 102809. 928972 
10. 205 899010. o 1109.928893 
10. 20561710. 0% 118609.92881 
10. 205 336010. 07 12649. 9287 36 


Co. s. 5 80 
Sine 1480 


Secant 8 
580 


Co. t. 580 Tangent 


Tan. 1480 


Co. Sec. 


589 


Sine 


589 


58 — Degrees — 148. 


1 2 


—— — 


71. 


200% 


95 


25% 


3 o / 35” 


4 


— B — — 


1 


40% 


| 189 


5 off 


— 


236 


| 5 * 


— 


260 


* 


3 


— car. 


— 


„ 9 


A Table of Artificial Sines, - 


— 


— 


32 — Degrees — 122. 


Sine 
32 


So. SEC. 
32* 


— 


Tangent 
320 


Cot. 320 
Tan. 1220 


decant 5 120 


320 


2 — 


Sine 1220 


57242 10 
9.72441 2 
9.724014 
724816 
725017 


19.275790 
10.275386 


19.274983 


10.275588 


10.275184 


9.795789 
9.796070 
9.796351 
9.790632 
9.796913 


10. 204211 
10. 203930 


10 203649 


10. 203368 
10. 203 87 


10.0715 80 
10.07 1659 
10.071738 
10.971817 
10.071896 


9.928420 
9.928341 


9.928183 
9.928104 


1 


1 o | euro; [ | 1 


9.725219 
72542 


10.274781 
10. 2745 80 


725622 
72582 


10.27437819-797755 


10.274177 
72502410. 27 3976 


9.797194 
9.797475 


9.798036 
2.298316 


10. 202806 
10. 202525 


10. 202245 


10.201964 
10. 201684 


1 


10.07 1975 
10.072054 


10.072133 


72622510. 273775 
72642610. 273574 
726626010. 273374 
726827ʃ10. 273173 
72702710. 272973 


9.798590 
9.798877 
9.799157 


9.799437 
10. 200283 


9:799717 


10.201404 
10. 201123 
10. 200843 
10. 200563 


727228 
9.727428 


10.272772 
10.272572 
10.272372 
10.272172 
10.271973 


799997 
9. 800277 


| 
9.300 
5 116 


8005 57 
800836 


10.200003 
10.199723 
10.199443 
10. 199164 
10. 198884 


242.2292024 


9.728227 
9.728427 
9.728626 
9.728825 


10.27 177309. 801396 
10.271572. 801675 
10. 271374801955 
10.27117519-802234 
10.27097619.8025 13 


9-7 29225 
729422 
9.729621 
729820 


9.730018 
9.730216 


10.270777 
10.270578 
10. 270379 
10.270180 
10. 269982 
10.269784 


Secant 


9.802792 
9.803072 
9.803351 
9. 803630 
9. 803908 
9.804187 


10. 


10. 


10. 198504 
10.198325 
198045 
10. 197766 


10. 


197487 


10. 
10. 
10. 


197208 
196928 
196649 
196370 
196092 
195913 


10. 
10. 


See 


57 


Tan 1 #7; 


Tangent 
7s 


| 


G.92826213 


9-928025'55 
9-927940,54 
10.07221319.927787,52 
1.0072292 9-927708/51 
10.07237219.927028 50 
0.07245 10.927549 49 


83 


10.072531 9.927469 48 


10.07 261009. 927 390 
10. 0726909. 927310 


10.07 276909. 
10.0728499.92715144 
10. 07 29299. 92707 143 
10.07 300949. 926991 
10. o 30899. 926911 
10. 07316909. 92683 
10.07 324919.926751 
10.073 3299.926671 


10.07 3409 
10.073489 


10.073569 


| 


10.07 3649 


10.073730 
10.07 38 10 


10.07 3890 


10.073971 


Co, SEC. 
$7”, 


9-926591 
9 926511 
9.926431 
9926351 
9.926270 
9.926190 
9.926110 
9.926029 


——ůů —— 


Sine 


46 
927231 


42 


47 


45 


41 
40 
39] 

8 


37 


57 — Degrees — 147. 


207 
66 


27 


25 2 
1 8 3 


— — 


33 


3 07 


99 


7 
35 


— — 


116 


2 


132 


wy, 


165 
67 


7. 


40 


47 


5 * 
3 


8 


'T angents and Secants. 


32 — Degrees — 122. 


Sine 
320 


Co. Sec. 
320 


Tangent 
320 


Lan. 1220 


9.730216 
9.730415 
9.730613 
9.730811 
3419: 731009 


10.2097 84 
10.269585 
10. 269387 
10. 269189 
10. 268991 


9. 804187 
9.804406 
9-8047 45 
9.80502 3 
9.805 302 


10.195813 
10.195534 
10.195255 


' 0.194977 
10. 194698 


1.57397 


Secant | 


-. $a 


10.074051 
10.074132 
10.074213 
10.074293 


9.731206 
9-7 31404 
9.731601 
9-731799 
9 731990 


10.268794 
10.268596 
10. 268 399 
10. 268201 
10. 268004 


9. 805 5 80 
9-805859 
9.806137 
9.806415 
9. 806693 


9.732193 
9.732390 
9.732587 
9.732784 
2.232980 
9.733177 
9.733373 
9.733569 
9.733765 
9.733961] 
9.734157 
9.734353 
9.734548 
9.734744 
9.734939 
9.735134 
9.735330 
9.735525 
9.735719 
9.735914 
9.730109 


10. 267807 
10. 267610 
10. 1 
10. 26721 

10. 267020 
10. 266823 
10. 266627 
10. 266431 
10. 266235 


9. 806971 
9.807 249 
9.807527 
9.807805 
9.808083 
9.808361 
9.808638 
9.808916 
9-809 193 


10. 26603919.809471 


10. 265 843 
10. 265647 
10. 26545 2 
10. 265256 
10. 265061 
10. 264866 
10. 264670 
10.264475 
10.264281 
10. 264086 


9. 809748 
9.810025 
9.810302 
9.8 10580 
98108527 


10.191917 
19.191639 


10.194420 
10. 194141 
10. 193863 


10.193585 


10. 193307 
10. 193029 
10. 192751 
10. 192473 


10. 192195 
10 


18.191352 
10.191084 
10. 190807 
10.190529 
10. 19025 2 
10.133825 
10. 189 598 


10. 189420 
10 189143 


9.811134 
9.811410 


9.811687 
9.811964 
9.812241 
9.812517 


Co. s. 577 
Sine 1475 


* — S <p MO 


10.263891 


Secant 


8 0 


Co. t. 570 
Tan 1470 


10. 188866 
10. 188590 
10.188313 
10. 188036 


10. 187759 
e 


10.074374 
10.0755 


10.0743 
10.074616 


10.074697 
10.074778 


10.074940 
10.07 5021 
10.075 103 


GG 


Co.s. 320 
Sine-122® 


9.926029 
9-925949]2 
9.925868 
9.925787. 
22252997 
992562602 

9-925545]2; 
9-925405 
9.925384 
9-925 303 
9-925222 
10. 0748599. 


9257 


9.925000 
9.924979 
2.924897 


410 


10.075509 


10.076163 


10.075184 
10.075265 
10.075 347 
10. 07 5428 


10.075591 
10.07 5672 


10.075754 
10.075 836 
10.028217 


10. 75999 
10.076081 


10.076245 
10.076327 


Tang. 
57 


p 


[Co. Sec. 
L 5 


9.9248 1601 
9. 74535 
992465313 
9924572 

9.924491 
9.924409 
9.924328 
9. 2 
9.924164 
9.924083 
9.924001] 

9.923919 4 
9.923837 
9.923755 
9.923673 
N 23225 


a Sine 4 
SE 


57 — Degrees - — 147. 


% 
— 


98 TA 


400% 


63 186 


BE . 
ere 
* % * , 
> & 2% W Ma: Sd 
„4.5 


| A T able of Artificial Sines, 


23 — Degrees — 123. 


* 


— — | 


737080 
737274 
7274⁵0 


Co. Sec. 
oo” 


9110.263891 


10.263697 
10.263502 
10.263308 
10.263114 
10. z02920 
10.262726 
10. 262533 


661010. 262339 


272242 


740934 
9.74112 
74131 
7415607 
741699 

741889 


| 8. 560 
Sine 1460 


| 


10. 262 145%. 8 15004 
10. 26 19529.815279 


119.7382410. 261759 
73843410. 261566 


139.7386270. 261373 
1438820010. 261180 


10. 269410 


10. 260217 


Tangent 
* 


Co. t. 339 
Tan. 1230 


| Secant 
$7” 


Co.s. 3 . 


Sine 1230 


9.812517 
9.812794 
9.813070 
9.813347 
9.813623 


10. 187483 
10. 187206 
10. 186930 
10. 18665 3 
10. 186377 


10.076409 9. 923591050 
10. 6491. 923509059 
10. 0765739234278 
10.07665 59. 923345057 
10.0767 37/9-923203]56 


9-813899 
9.814175 


9.814452 
9.814728 


9.815555 
9.815831 
9.816107 
9.816382 


10. 186101 
10.185825 
10. 185 548 
10. 18527: 
10. 184996 
10. 184721 
10. 184445 
10. 184169 
10. 183893 
10. 183618 


10.07682 
10,07698 4 
10.077149 


0.077307 
10.07 748c 


09.923 18055 
10.076902 9. 92309854 
9.92301653 
10.770679. 922933052 
922851 51 
10.077232[9-922768[5 
10.077314. 922686049 
97922603048 
9922520147 


9.816658 


10:183342 


9.816533þ10.183067 


9.8172 
9.817759 


9.817484 


10. 182791 
10. 1825 16 
10.182241 


10.077645 


10.077811 


10.077977 


10.077 5629. 922438046 

992235845 
10.077728. 922272 
9922189043 
10. 7894.9. 922 10042 
992202341 


10. 26002 5 
10 259833 
16.259641 
10.855945 


10.25925819.8191 35] 


9.818035 
9.818310 


9.818535 
9.818860 


10. 2590669. 8 19410 


10.258875 
0. 25868 


10.258301 


10.258111 


Secant 
56 


9.819684 
9.819959 


10. 25849309. 820234 


9.820508 
.820783 


Co.t. 562 
Tan 146? 


10. 181965 


10.181415 
10.181140 
10. 180865 


10. 18 1690 


10.078060(9.921940[4of 
10.078 1439.921857 
10.07822069. 92177438 
10.078 zog · 92 169 
10.078393 00. 92160) 


10. 180590 
10. 1803 16 
10. 180041 
10. 179/66 


10. 179492 
10.179217 


Tangent 
$6" 


10.078476[9-921 524135], 
10.0785 5909.921441 
10.07 8643 9.921357 
10.0787 2619.921274 
10. 0788 109.92 1190031 
10. 0788939. 921107 


Co. Sec. 
56? 


Sine 


56 


56 — Degrees — 146. 


I 8 


207% 


48 


| — 
14 | 21 


28 


aq 


79 


35 


3 of! 


3s” 


111 
—— 


49 


407 


457 


—__— 


143 


— 


v5 


— 


— 


Tangents and Secants. 


33 — Degrees — 123. 
=] Sine 
51 339 


Co. Sec. | Tangent Cot. 33 Secant |Co.s. 330 | 
32” 33? JTan. 123: 43 | Sine 1234 
| 
z30/[9-741889110.25811119.820783|10.179217|10.078893[9-921 107130 
319. 742080010. 259009. 82 105710. 1794310. 0789779. 921023129 
329742271 22 35 1332010. 17866810. 07906 109. 92093902 


330.7424620. 2575380. 82160610. 17839410. 079145 9208552 
34.742065 210. 2573489. 821880010. 178 120010. 07922800. 920772. 
359. 742842010. 257 1589. 82215410. 177846010. 0793 129. 920688025 
359.743033010. 2569679. 82242910. 17757 110.0793969. 92060402 44, 
8 ö 379743223 10. 2567779. 822703 10. 177297 10.07948009. 9205 2042 
3819-74341 310-25658719.822977110.177023[10.07956419-92043612 
3919-7 43602[10.256398[9-823250|10,17675c10.079648[9-92035 2/21 
140 9.743792110.256208[9-8235 24010. 176476010 079732 9.920268 
49.743982 010.2560189. 823798010. 176202010. 0798 169. 92018 
4209744171010. 25 582909. 824072 10.175928, 99 9.920099 
143]9-744301110.25563919-324345[10.175655]10.07998519.920015 
4419-74455<110-255450J9 82401910. 12538 1010. 0069.919931 
14519-74473 10. 2552619. 82489310. 175 107/10. 0801540. 919845 
1459744928010. 25 50% 209. 825 166010. 174834010. 080238 12 50 
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479745 11710. 254883 9.825439, 10. 17456110. 0803239. 91967713 
4819-745 306 10.25469419.8257131|10.174287|10.08040719-9i959 
4919:745494 10. 25450009. 825986010. 17401410. 0804929. 91950801 


50974568310. 2543 179. 82625910. 17374 110.0805769. 919424 

519.7458710. 25412909. 8265 3210. 173468010. 08055 19.919339 
529.7460590. 25 3941 9. 82680510. 17319510. 0807469. 919254 
539. 746248010. 25375 209. 82707 810. 17292210. 08083 19. 91916 
{5 419-740436110.253504[9.8273511[10.172649110.080916[9-919084 
559.7402410. 2533769. 827624 10. 17237610. 8 10009. 91 οο 
55 9-746812 10 2531889.827897 10. 172 1030. os 108 59.918915 
579.7469990. 25 30019. 828 170010. 17 1830010. od 11709. 91830 
589.74 187/10.2528139. 828442010. 171558 10. o8 12559 .918745ʃ 2 
„ J59 9747374010. 25 262609. 8287 1510. 17128510.03134109. 9186594 

00 9-747 502 10.25243819.828987110.171013j10:081426 9.918574 
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10.251877 
10. 25 1690 
7110.251503 
10.25 13179. 830621 
10.25 1130 
$0.-250944 
10.250758 
10.250571 
10.250385 
10.250199 
10.250013 
10.249828 
10.249642 
10.249457 
10.249271 
10. 249086 
199.2109910. 248901 
251464 0.248716 
10.248531 
10.24834 

10.248161 


10.247977 


39.748123 


75˙748870 


E c 749242 
10.749429 
1190.749615 


1319-7 49937 
14.289122 
155•750358 
169750543 
21719-75072 


219 7516 54 
2319-751839 


30 | 34 


Tangen 


9.828987 
9.829200 
9.829532 
9.829805 
9.830077] 
9.830349] 


9.830893 
9.831165 


9.831437 


Co.t. 34 


Tan. 124? 


10.171013 
10 170740 
10. 170468 
10. 170195 
10. 169923 


Secant 


342 


— — 
o. o8 1426 
10.081511 
10. o8 1596 
10. o8 1682 


25 27 —— 
42019-752392 


10.247792 
10. 24760 
10. 24742409. 836322 
60.10. 24724009. 836593 
10. 247056 
10-246872 


Secant 


919-7 52944] 
3009.753128 


Co. t. 5 5 
* r 


9.831709 
9.831981 
9.832253 
9.832525 
9. 832796 
9.833068 
9-833339 
9.333611 
9.833882 
9.834154] 
9.834425 
9.834696 
9-834907 
9.835238 
9835509 
9.835780 
9830051 


9 836864 
9.837135 


10.169651 
10.169379 
10.169107 
10. 168835 
10. 168553 


10. 168291 
10. 168019 


10. 167747 
10. 157475 
10. 16720 
10. 166932 
10. 166661 
10. 166389 
10. 166118 
10. 165846 
10. 165575 
10. 165 304 
10. 165033 
10. 164762 


10. 164491 
10. 164220 
10. 163949 
10. 163678 
0. 163407 
10. 163136 
10. 162866 


Tan gone 
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55? 


[Co. s. 34" 
Sine 124 | 


3:918574 

9-918489 
9.918404 
9 9183185 
10. 08176719. 918233[ci 
10.08 185 390.9181477 
10.08 1938 
10.082024. 9179706 
10.082 1099.917891 
10.08219;[9.-917805z[c ! 
10.082 28 10.9177 190,70 
10.082 3669.917634 
10.082452 
10.0825 3809.917462 
10.08 2624 9.917376 
10.082710. 917290 
10.082790 9.917 20404 
10.0828829.917118ʃ4 
10.08 29689. 917032 
10.08305519-916945 
10.083 1419.910859 10 
10.083227 
10.083313 
10.03 3400 
10.083486 


10.083573 
10.083659 


10.083746 
10.083833 
10.08 3920 
10. o8 4006 


Co. Sec. 


958062 


917548 


9.916773 
9.91668; 3 


. 916600 
9-9165 14136 
9.916427 
9.916345 
9.916254 
9.916167 
9.916080 
9-91 5994]3c 
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Tangents and Secants. 1 
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| 

=| Sine | Co. Sec. Tangent Co.t. 34* Secant. co. 8. 34⁰ 
5 34% Tan. 124} 34 Pine 1244 
3 2 2 6 ̃„v.ltt. 
309.75 3128 18.478872 9.837 13410. 16286610. 0840069. 915994 
319.7533 120t0. 24668809. 83740510. 162 595/10. 849930. 915907 29 

3219-7 5349510. 24650 5% 83707 50. 1623251 0841809. 91582008 
3319-75 3679þ10-24632119.837946[10.102054110.08426719.915733]z 
3419-7 53862110. 2461 3819.838216110.161784110.08435 449. 915646 
359.7540400. 245954. 8384810. 101513010, 08444 915559 25 
[3919-7 54229110-24577 19.8387 57. 16124/10. 08452891547 

3775441210. 2455889. 839027. 10097 3010.084615 915385}, 
389.75 4595/10. 2454059. 8 392970. 100% f. 847039. 9152972 
399. 2547280(10. 2452220. 83950810. 160432010. 08479009. 915210 z! 

409.7 5496010. 24504009. 83983810. 160162 10.084877 9.915123 
419.75 5143/10. 2448579. 840108010. 159892 10. 0849659915035 ig] 
4209.755320 10. 244674 9. 84037810. 15962210. 08505 29.9 14948018 
439.7555081. 244492. 84004710. 159353010. 085 140. 914860. 

4402. 75 5690 10. 2443109. 840917 10.159083 10.08 5227 9.91477 3lié 

45975587210. 24412809. 8411870. 158813010. 0853 15.914685 ts 
469.7560540. 2439469841457. 158543010. 08 5402.914598 
470.7 5623610. 24376409. 841720010. 15 8274010. ro 91451013 
489.5641810. 24358209. 84199610. 15 800410. 085 5789.914422J1 
492.250. 24340009. 84220610. 157234010. .08500619.914334] 12 
50.755782 243218. 84283510. 15746510. 085754. 914240 10 
51 9.750963 10 2430379. 84280510. 157 195/10. 085 8420 914158 
529.757144/10. 2428569. 8430 410. 152510. 9859 309. 9 1400 gl _ | 

539757326010. 2426749. 843343010. 15665710. 0860189. 913982 - s 
549.2525010. 2424030. 8436 12010. 15638810. 086 1069.913894 & Wm 
« 155]9-757688[10.242312j9.843882[10.156118110.056194 52 850 
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569 757869 10. 24213100. 84415010. 15584910. 086282 9.91371 
15719. 758050 10. 2419509. 844420 10. 15558010. 25557 91363 


& 


55 9.75 8230010. 2417709. 84468910. 1553 1110.086459 9. 973541 
59.75 8411010. 241589. 84495510. 15504210. 086547 9.913453 
2. 10. 2414090. 845 227 19-154773 10.08663619.91 3304 
WX > ———)—J—L— —— — — 
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A Table of Artificial Sines, 
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| Co. Sec 
5 Ig 
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Co. t 35 


. 1250 


C 
Sine 125 


Secant 
ö 359 


0.5. 350 


10. 24140909 Ia 
10. 241228. 845 496 
10. 241048 9.845764 
10. 2408689. 8 46033 


10. 154773 
10.154504 
10 154236 
10. 15 3967 
10. 15 3698 


10.086635 9.913365 
1008672409. 913276 
10.0868 1309.913187 
10.086901). 913099 


10. 240149 
10. 23996900. 
110. 23978999. 


761285 
75146 


779.7616420. 238358 
289.7618210. 23817 


9.261999 


0.702177 
9.762356 


- 762534 


10. 23961 


10.239431 
0. 239252 


10.239073 


10.238775 
10.2385 36 


10.237823 


10.237644 
10. 237466 


6.230933 


10. 23675 509. 
10. 236578 


10. 238894 


9.848181 


9.848449 
9.848717 


9.847913 


9.848986 


10.153161 
10.152893 
10.152624 
10.152355 
10. 15 2087 
10.151819 
10.151551 
10.151283 
10.151014 


989254 
9.849522 
9.849790 
9.850058 


9.850593 


9.850861 
9.851129 


10. ix try | ” 396 


852466 


10.150746 
10.150478 
10. 1502 10 
10. 7149942 
10. 149675 
10. 149407 
10. 149139 
10. 148871 
10. 148604 


, 


b 


10.0859901[9.91 3010 


10. 153430 


10. 1483 36 


10.087345 
10.087434 
10.087523 
10.087612 
10.087701 
10.087790 


9.912922 
1 4+ 
9.912744 
9. 91265555 
2425661 
9.912477 
9. .912388 
9. 912299 
912210 


10.087879 e 


10.087969 9.912031 


10.088058 
10.088 147 
10.8823 
10. 088 326 


10. 08841 
10.088 505 
10. 08359519 
10.088685[9 
10. 088774 


911942 
911853 


* 
2162404 


597158407 
9911495 
9911405 
911315 
9.911226 


10. 148069 
10. 147801 


10.147534 


10. 23640009. 85 2733110. 147267 
10. 236223). 8 5 300110. 146999 
10. 2 3604619. $5 3268 


10. 148732] 


10.088864 
10.088954 


10. 08913 
10.089224 


10. oc 9 . 
+ . 


10.089314 


9,91113613; 
9.911046 
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Tangents and Secants. 
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Co. See. | Tangent 


£36" 


Co.t. 35 


Tan. 1250 


Secant 
35* 


3919.763954 
3 2 I 
13219.764308 


o 


10.2360 


.853268 


10. 235 8699.853535 


133 9.76448; 


10. 2356929.85 38 
10.2355159.8540 
34% 76466210. 2353389. 854336 


8 


10. 146732 
10. 146405 
10. 146198 


10. 145931 
10. 145664 


10.0893 14 
10.089404 
10.089585 
10.089675 


— 


Co. s. 350 
Sine 1250 


9.910390 29 
9.910506],z 
9-910415]27 


13919-765015 
3719-765191 
380765 367 
1919-705 544 
4919.76572 


4219.766072 
4319.766247 
1449.766423 
+519-706598 
4019.766774 
4719-766949 
4819.767124 


O 
| 41 9.765 396 


10. 23480 
10.234633 
10. 234456 


854603 


10.235 162 

10. 23498 59.854870 
9.855137 

9-8554⁰4 

9.855671 


10.141397 
10. 145 130 
10. 144863 
10. 144590 
10. 144329 


10.089705 


9910235025 


10.0898 509.9101442 

10. 899409. 9 10054023 
10. 900379. 90996322 
10. 90127. 90982 3ʃz1 


10. 234280 


10.234104 
10.233928 


9.855938 
9.850204 


9.856471 


856737 


19-857 80310. 142197 
858069010. 141931 
85833010. 141664 


10. 144062 
10.143796 
10.143529 
10. 143263 
10. 142990 
10. 142730 


858602 
858868 


85940 


e. ogozog e. 9096910. 
10. ogoz 9 ꝰ. 909601 18 


10.090581 1 


10.090763 
10. 985 4%. 909 14013 
10.090945. 90905 52 
10.09103619.g08g90 


10.0904999-9095 1001 


10.09067219.909328 15 
909237114 


9.91068 5 


9-910325126] 


10.090215[9.909782[z5 


— 


10.141398 
10. 141132 


10. 1406 


85956610. 1403 34/10. 091493 0N· 905 5 
85993210. 14006810. 0915849. 908410 
10. 1398020. 0916769. 908324 


10. 13953 
10. 139270 
10.139005 
10. 138739 


10.091127. 90887 30 


10. 0912199. 90878 9 
85913410. 14086610. 0913 109. 908690 


10.091409. 908599 


10.091767. 908233 
10.091859 9.908141 


o. t. 54 
an. 244 


Tangent 
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10.092042[9.907958[ 
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54 — Degrees — 144. 


10% 


44 


— 


67 


| 
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89 
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30% 


— 
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- 
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0 


_ — * — 126. 


—— —— —— 


| Co.t 36 


Tan. 1260 


'Secant "Ag 36* 
' 36? [Sine 226" 


7 


9 


9.76921 909076408. 817280 
25939310. 2306⁰ 


10.138739 


10.092042|9-907958 


10.138473 


76956610. 23043 
9. 76974010. 2 302 
1442 9-769913 10.230087 


bh 


10 138208 


12.236339 


10. 136085 
10. 135820 


10. 135553 


10. 135290 


19.137025 
ſio. 134760 


.865505 10.134495 
86577010. 134230 


86603510. 133065 
866 


10. 133700 


o. 13794 fo. 0923180. 90768 
0.137677110.09241019.907 59c 
3625589 10.137411[10.09250: 9. 907495 
862854010. 137 140 
86311910. 136881 
85238 10. 136615 


10.0921 3419.907866 
10.09222019.90777 


10.0925 9419-907 400 
10.09268619.907 314 
10.09277819.90722 
10.09287 119.907 12945 1 
10. 0929639. 90703750 
o. og 305 59 · 906945 
10. og 51489. 906852 
10. og za 409. 90676 

10. 093333 n 46 
10.934205 — 45 
10.093518 

10. 09351 10 — 
10.093704 9. 906290 


09. 77267510. 22732509. 
2119-772847[10.22715 319. GR 


9773018 10.22698219. 
24k 6773561 10. 26639 807823 


10. 13343 


10093796] 2.9062c 4 


3005 22 433 


— 
12 — 


10. — 588 
10. 13184810. 


10. 131584 
10. 131320 
10.131055 
10. 130791 


Co. s 53 
Sine 143 
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| | Tangents and Secants. 


ob — Degrees — 126. 


Co. Sec. Tangent Co. t. 36 Secant Tos. 36 
1 360⁰ an. 126 369 Sine 126® 


10. 22757 9. 869209 io. 13079110. 594571. 8 

18. 2254429. 86947310. 130527 19. 09491509. 3050 29 

10.22527113.:697 37 2 757 0 0950089. 90499228 
3 


10.225 101[9.87000110. 129999ſi 0.095 1020. 904898 27 
0110. 2249300 870265110.1297 35110.095196 20480 | 
10. 22476009. 8752904129471 10,095 28919. 994711125 1125 
7754010. 2245 909.8707 930t0. 12920710. 095 38319.904617)2, 
775580 10. 2244209. 87 105 0. 12894310. 95477. 9045 233 
809.7757500. 22425009. 87 132100. 12857910. 09557 109. 904429422 
Y2-775920(10.2240801g.871585[10.128415110.09566519.904335|z1þ 
7760. 2239109. 87 184910. 12815 110.0557 599.9542410 20 
ü 9585 39.904147! 
90405318 
9039594171 
9.203854“ 


410.7762590. 22374100. e 
429.7764 2910. 22357 19.87 7287 
Ota 10. 3 9: 872040 


6110,127624410.095947 
10.127 360f10.09604 1 


10. 1270970. 090130 


9.90 70 
156. 777 10610. 222894 9.57 30 10. 126570 10.9632. 9. ox], , 
470. 777277 10.222725. 87369410. 126 306 0. 0964 199. 903 581 
467774410. 22258609. 57 395 7[10. 126043[10.0965 36.903487 
4919-777013110.22238719.874220[10. 125780 ¹. 096608. 903 392 
777781010 2222199. 87448 3[10. 1255 710.0967029. 993298 
10 2220509. 8747 47110. 125 253010. 096797. 993203 
10.221881 87501 10. 12499010. 968929. 993 105 
10. 221713 87527310. 124) 2710.069869. 993014 
510. 2218459. 8755 3610. 12446410. 09768 19.992919 
10. 221370609. 3780 10. 124200010. 097 1769. 902824 
10. 2212089. 876063 [to. 12393710. 09727 10.902729 
10. 221040. 876326f0. 12367410. 97 3669.902634] 34 
10. 2208729. 8765 8918. 1234110. 09746 19.9025 391 2 


9 


| 10.22070519.87685 1]t0.123149110.0975509-902444] 1 
60 6310. 2205 379.8771140. 12288610. 09755 10.902349 of k 
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52 — Degrees — 142. 


> Ca 


| Tre” 15% 120 25/7 30% 30 40% las” 5o// 55% 
14 27 44. 55 59 82 96 7 124 137151 
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Sine | Co. Sec. [Tangent | Co. t. 370 Secant Co. s. 350 
Sl 379 _— [37 Tan. 1270] 379 sine 1270 
| 3 LR 11 
77966310. 2205 379.877 11410. 12288610. 09765 19.902349 
19.796310. 2203699. 87737 7/t 0. 122623010. 0977479. 90225 305 
29.779798 0. zzoz02 q. 87764001 12236010. 0978426. 902 1585 8 
309.7 6.10. 2200349. 877903 I 0. 1220970. 979379. 90206357 
2801310. 21 986709. 828 10,10. 1218301. 9980339. 90 196756 
508.7 S0 300010. 2 1970009. 878428010. 121572010. 098 1289.901872 55 
699.7804670. 219533 9.878691 10.121309 10.098224. 90177654 
79.8063 4]10. 2193669. 87895 3U10. 121040. 0983 199. 90168 153 
780801010. 2191999. 8792 16010. 120784010. 0984 159. 901585 52 
780968[10.219032[3.879478[10. 120522[1.00985 109. 90149081 
109. 78113440. 2188606 9.879 4 e 9.907394 
11]19.781301]19.218 .880003]10. 119997[10.098702[9.901298i4 
7814680. 2185329. 880260610. 11973410. 0987989. 901202 48 
139.7816340. 2183669. 8805 28010. 119472010. 0988949. 901 106447 
1409.78 180010. z 8 a0 9. 88079000. 119210010 · gs. 90100 
— 1 ů— — K 8 
59.78 190610. 218034. 88 1052019. 11894810. 0990809. 9009 14 45 
169.7821340. 21786809. 88 1314/10. 11868610. 09918 29. 9008 1844 
17 352298 10. 2177029. 88 1570010. 11842410. 099278 9.900 223 
18/9 78246410. 2175 369.88 1839/10. 18161010. 099374. 900626042 
1009. 782630010. 21737000. 88 2101010. 11789910. 09947 9.9005 29/41 
ac. 78279610. 217204. 88 236310. 11763710. 995679. 9004334 
219.7829611. 2170399. 882 2010. 1173750. 09966309. 90033739 
229.7831270. 2168739. 88 288710. 112113010. 0997609. 9 0240038 
239783292010. 216709. 883 1480. 11685210. 998 569. 900144037 
78345 [10.216 542. 883411010. 11658910. 0995300 900047 35 
25 .783023110-21637719.83307 2110. 10328010. 1co049[9,89995 1035 
2609.78 3788010. 2162 12%. 88 393 4/10. 11606610. 1001469. 899854034 
279.7839530. 2 150479. 88419610. 115 80410. 1002439. 89975733 
289.7841180. 21588 2.884457 to. 1155 43/10. 1003409. 899660532 
10. 2157189. 8847 19010. 11528 1010. 1004369. 899564031 
10.2155 539. 884980010. 1150010. 1005 3300. 890946730 
+. Secant [Co, t. 527 Tangent | Co. Sec. | Sine |= 
„ 5 3. 19 


iN 


el 


Tangents and Secants. 


— 


37 — Degrees — 127. 


Sine 


37 


Tan a 


| Co. Sec. | 
37 


379 | 


«7840 


9. 784447 
784776 


9. 887980 
9. 885242 
9. 885503 
9. 885764 


10.215553 
10. 215388 


10. 215224 
10.215059 
10.214895 


12. 


Co. t. 370 


t an. 127? 


10.1 15020 
10.1 1475 


10.114497 
10.114235 


9.886026 


10.113974 


4719-7872 


57 
9.7891 


159 


45.786906 
4009.7 8706910. 212931 


4809.787395 
4919-7575 

5009.787720 
5109.787883 
5209.788045 
153 9. 788208 
5402.288370 78837010. 21 163009 
78853210. 2114689. 891507 
78809410. 2113069. 891768 
78885610. 2111440. 892023 
589.7 89018010. 2109829. 892289 


10.214731 
10.214567 
10. 214403 
10.214239 
19.214075 
10.213911 
10. 213748 
10.213584 
10.213421 
10.213258 


10. 213094 


9.880288 
9.88654 

9. 886810 
9.887072 
[9-887 333 


9.887594 
9.887859 
9.888126 
9.88837 


9. 2.888900 
9.889160 
9.889421 
9.889682 
9:389943 
9. 890204 
9.890455 
9.890725 

9.890986 

891246 


10. 212768 
10. 2 12605 
10.212443 
10. 212280 
10.212117 
10.211955 
10. 21 7 


3 
37 


8010. 2 108209. 892549 


9. 789342 10,2 106589. 8928 10 


9. 5.838639 


10.1 13712 
10.113451 
10.113190 
10.112928 
10. 112667 


— 


37? 


10.100922 


10. 101019 
10. 101116 
10.101213 
10. 101311 
10. 101408 


10. 112400 
10. 112145 
10.111884 
10.111623 
10.114361 


10. 111100 
10. 110840 
10.110579 
10. 110318 
10. 110057 


10. 101994 


10. 101506 
10. 101003 
10. 101701 
10. 101798 
10. 101896 


10. 102092 
10 102190 
10. 10228 


10. 109790 
10. 109535 
10. 109275 


10. 108493 
10. 108232 
10.107972 
10. 107711 
10. 107451 
10. 107190 


10. 109014 
10 108753 


10. 102778 
10. 102877 


10. 102975 
10. 103074 
10. 103172 
10. 103271 
10. 103 369 
10. 103468 


ry 


Co. s. i 
Sine 25 


Secant 


520 Tan 1420 


Co. t. 520 


Tangent 


Co. Sec. oy 
520 


1 528 


Secant Co. s. 379 
Sine 12 


10. 1005 3300 399457 
10. 10063009. 899370 
10.10072719. 899273 
10.100824[9.899176 
9. 899078 


| 


ESE] 


E 


9.898981 | 
9.898884 
9.898787 
9.898689 
2.898592 
9.898494 
9-898 397 
9.598299 
9.898202 
5.898104] 
9.898006}: 
9.897908 
9.897810 


989771 

10. 10238609. 89761 

10. 10248409.89751 

10. 1025829. 89741 
10. 10268009. 897320 
9.897222 
922.23 
9.897025, 
9.896920 
9 896828] 
9.896729 
9. 896631 : 
9. 876532 


1 62 


f 


2 


Sine 


52 — " Degrees — 142. 


207 


* 


ag® 


* 


35/7 


— 


* 


40/ / 


174 


+ — 


r 


— 


* 


EC Table of Artificial Sines, 


3 — Degrees — Ep 


— 


— 
-4 


Sine 


: 380 


789342 0 210658 
- 7895 


co. Sec. Tangem 


| 10.212496f9.893070f 
-789665110.210335[9-593331 


789827[10.210173 
789988010. 210012 


. 79014910. 209851 
79031 
790471010. 20952 

3. 799632j80. -2093 


"% a0 382 


9.5920 0 


9.89359 
2.8938 1 


9.894111 


10.710580 
10. 209590. 89437 


7 


1979 


793991010. : 10. 9965 1 9 3935475 31 
O 79415 10. 09930 10. 106 4 9.8234 oO 

0.8. Th | en Co. Sec. | Sine | 

ine 1415 | — | 52? | $9 8 fs 


79156 


5h. 20888 59. 89567 20. 104328 
79127510. 208725 
7914300. 208 564%. 8901 


{10.104588] 


.895932110.104068 


© 
6 
8 
+ 
= 


:791757[10-208243/9.8967 0703288 
-791917[t0.208c8 3}.389697 1010 
792077 ho. 2079230. 397 2310. ioa⸗ 
79223710. 20763 
792397110. 20760 
79 2557fe· 2074430½˙59801 
7927 16p10. 207284. 89827010. 01730 
792876110. 207 12 
7930350. 206965 — 10. 101211 
793195|10.206805f9 899049 
2-793354|19-2066401g. 899308 10.1006g2] 
-793514j10-20048* 
-79367 30. 20632 
793832010. 20616 


$9749) 10. 1025 
.89 | 

10. 10199 
89853 


10. 101470 


10. . 100 51 


899568010. 100432 


900086 


10.163962. 
10.10; 629110.y04061Þ- ä 
10.105 36810. 103160 · 895 840 

o. 105 10810. 104259 295416 ! 


10.104359Þ 8956. 


10. 104458 
10. 1045 57 595 4+3|45 of 
10.1046; 5 . 


410.1047 56P- 355244947 
10. 10485 5 


10. 104955 
10. 105055. 
10. 10515. 9. 804840 4 
9.8947 40042 
19. 88446042 
10. 1084549 · 8945 40H40 
2-594440 


10. 10525. 
10.105354 


0 10 
10. 10584 


10. 10575. 
19-1058, 


10. 105954 
10. 10605. 


9. 89982710. 10017 310. 10615. 


895343045 


9. 8943. 


— | 


39 
9138 


9.894265 7 
49-3941 46136] 
9894040635 
9-393940[34 
9. 893846033 
10. 9991410. 1062559 · 89374532 


* 
* 


r 36qͤ:..——ä—— 


— m—— = — 
4 


"51 — Degrees - — 141. 


EL 
7 3 13264053 66 79 92 106 119 132 145 
[wenn — — — — —ͥͤ — 45 
A 21 8117 |25 [34 [42 | co |: 618 


— ——— 


— Tangems and — 


38 — Degrees - Hs Bl. 


_— 


* SS "WS OO OI 


Tan. 1280 


Co.t. * 


— 


ae 
38 


Co. s. 38 
Sine 128% 


— 


_ 13139-7943 
13 9.79446 
13 


9. 794620010. 20537 
3 2.29478 10. 20521 


309.7941501. 2058 509. 9000 


9. 900864 
9.901124 


10. 20569 
10. 205 53 


10.099395 
10,0991 30 


10.098870 
10. 098617 
10-09835d; 


10.106456 
10.1065 5609. 


10. 106657 
10.106757 


10. 10685 809. 


3519794942 
3719-79525 
3819+-795417 
392.2287250 


019-7957 33 
4 )-7 9589 
$9-79004 911 
470. je 
4449-790 304 
5.555 
99.790079 
9.796836 
4819-79699 3 
— go 222180 
50 9.797 30% 
515. 797464 


4 


1539 ˙79777 
5402. 222 
556 798091 
5859.798247 
5709. 795403 
j5 819-798560 
5919-798716 
592. 798872 
— 


[Co. s. 519 
Sine 1410 


369.795 100. 20489 


— 


52 79702 | 


2410. 20505 809. 90190 


902 160 


10.97 


10. ogdogg 
0. o97 840 
10. 97581 
10.097321 


10. 10095909. 
10. 1070 0g. 


10. 107161 
10. 107261 


10. 107 36219. 


— 9.703197 


10.096803 


10.0965 45 
10.09H2 50 


10. 203321 9. 904750 10.095 250 
10. 94992 


i Os 8 164 ee 


10. 90027 
10, 095700 


10.094733 


10 10746409 · 
10. 0750659. 
10. 10706009. 
10. 107767 , 
19.107 8059.892132 


110. 15797019. 


10.10827 449-8917 
10.094474|10- 1083706009. 89162 


10. 202223 9. 906560 
o. zaozob . 9068 19 


10.0942 
310. 29395 7 


10. 93440 
10.693181 


10. 108477 
10. 108579 
10. 108681 


10. 1087839. 
10. 10888 509. 


9.891523 
9.891421] 


10.20190919-997077 
10.2017 5319-907 330 
10.20159719-907 594 
10.201 9. 907852 
10. 20128409. 908111 


10. 201128 9-908369 


10.092923 
10.092664 
10.092406 
10.092148 
10.09 1889 
10.091631 


Secant 


516 Co.t. 6x” 


Tangent 


10.108987 


10. 109089 
10.109191 
10. 109293 
1809 
— 10949719-399503 


Co. Sec. | 


51 


an be: 


—_—_— 


" | 


939101 3] 
9.890911 
9.890809] 3 
9. ele. 
9. 890605 
9. 89050 


Sine 
54? 


380 


81 — Degrees — FLY 


OO OR 


150% MT 


| 


36 


_— 


108 


30% 35 


130 


| 


151 


4 


UN 2s 


4 
3-4 


PT, Woo 9 „* 2 n 


A Table of Artificial Sines, 


[of9-80197 3110. 198027 


392 — Degrees — 129 [ 


Sine Co. Sec. 
39? 390 


10.200661 


10.200;0; 


9.798872 10. 10112809. 9083 


79902810. 2009) 20. 90 
979918410. 2008 169. 


399 


Tag 


Co.t. 39 
Tan. 129 


— 


Co.s. 39® 
Sine 129% 


Secant 
399 


10. 199883 
99.800272 
109. 800427 
1.800582 


10. 199573 
10. 199418 


, 881 198 
— 0470. 198953 


10. 2003499 
10. 2001940. 909918 
10. acoo3 89.910177 
9.910435 
10.199728. 210093 
9.910951 
9.911209 
1 9. 8007 z37110.19g26319- 
13 800892 10.199108. 

9. 91198210. 08801 


10.595340 
10.090082 


10. 1094979. 890503 
10. 1090 890400, g 
10. 109/020. 890298 
10. 1098059. 89019 
10. 1099079. 890093 


10. 110215 
10.110318 


889785 
88968205 


10. 110421 


89522 


15. 801201010. 198799 


189.8016680. 198335 


x - 80181910. 198181 


9.912240 0.087 701d. 111039 
16 80135610. 198644. 9 1249810. 087 50210. 111142 
1719-$01511110.198489]9-912756j10.08724:[10.111245|3;.888755 
9.913014j10.08 98661011134 
9.9132711[10.086729 


838651042 
. 8885 48 


119.802128[10. 19787 2] 
229.8022821. 197718 
239. 80243610. 197564 
9.80258 
10.197257 


10. 197103 
279. 8030500 0. 19695 


10. 196643 


Secant 
Pine 1400] go? 


r 


9.913529 
9.913787 
9.914044 


9.914302 
10. 1974 119-914560 
9.914317 


9-915075 


9-915332 
Y- 803 z04 10. 1967969. 915590 
? 9-915847 

10.196489 9.916104 


o. t. 500 
an 140 


(49-08647 1 


10.0862 1 3 
10.085956 
10.085 698 
10.085440 
*Q.08;183 
10.084925 
10.08 466d 
10.084410 
10. 084153 
10.083896 


Tangent 


50 
9 * 


10. 11217809.887822 <4 
1c.H12282[9.8877 18] 3þ 
10.11238619.887614[32} 
10.1124 9.8875 10[31 


10. 1125949.887 40603 


Co. Sec.] Sine 
$0? 50 


= 


tt 


50 — Degrees — 140. 


ig 


5 


2 38 


69 


300% 


| 


40// 


83 | 97 


26 


| 43 


52 


61 


— 


2 


Tangents and Secants. 


So © 


—U—— — - 


39 — Degrees — 129. 5 


— - 


37 
38 


Sine 
39? 


Co. Sec. | Tangent 
399 395 


Tan. 129 


— 


Co. t. 39 


Secant lco.s. 39? 
399 |Sine 1290 


3009.803511 


9.803664 
9.8038 17 
9.803970 


3402-804123 


9. 804276 


36 9.804428 


9.804581 
9.804734 


39 9. 804886 


10.1954899.91610 
10. 196336 9.916362 
10. 1961839.916619 
10. 1960309. 916877 


10.19587719-917134 


10.083895 
10.083638 
10.083381 
10.083123 
10.082866 


10. 11259409. 887406 
10.112698 985222 
10. 1128029. 887 198 
10. 112907 887093 


10. 11301 %9. 85698920 


10. 195724. 917391 
10.19557209.917648 
10.1954 9]9-917905 
10. 195 2669.918163 


10. 195 11400. 918420010. 08158 


10. 8 2609 
19.082352 
10.082095 
10.081837 


10. 113115 9.886885 
10. 11322009. 886780 
10. 1133249. 886676 
10. 11342909. 886571 
10. 1135 340. 886466 


4409.805039 


41 
42 
43 


805 191 
9-805 343 
9. 805 495 


4402.805647 


9.805799 


4 
46 9.805951 


10. 19496 19.918677 
10. 194809 
10.194657 9.919191 
10. 194505. 919448 
Ne e. 
10. 1942019. 919962 
10. 1940499. 9202 19 
10. 1938979. 920476 
10. 1937409920732 
10. 1935940. 920990 


9. 91893410. 08 1060 


10.081323 


t0.080809 
10.080552 
10.080295 


10. o80038 
10.079781 
10.079524 
10.079268 
10.079010 


1 


10.113638[9.886362 


10.113848[9.586152 


10.114103[9.885837 
10. 11426809.885732 
10. 114373 9. 885627 
10. 1144789. 885522 


10.113743 9.886257 


10. 11395 309. 886047 
10. 11405 80. 885942 


10.114584 


98854160011 


1.191923 9.923813 


10. 1926869. 9225 30 
465/10. 192535922787 


10.19344319-921247 
10. 10339 119-9S 103 
10.193140[9.921760 
10.192989[9.922017 
10.19283719.922274 


10.073753 
10.078497 
10.078240 
10. 77983 
10.077726 


10. 11468909. 
10. 11479509. 
10. 11490009. 885 
10. 11500609. 


10.115111 


101923859. 923044 
10. 19223409. 923300 
10. 1920839. 923557 


10.077470 
10.077213 


10.076956 
10.0767 


10.076443 
10.076187 


10.115217 


10. 11532309. 


10. 11542809. 


10. 115 5349.88 


10. 11564009. 
10. 115746ʃ9.8ʃ 


Secant Ca. t. 500 
50 [Tan 140 


Tangent 
305 


3 


| hag 
| Co. Sec. 


800 


— 


50 — Degrees — 140. 


| 5” 100 [15 [20s [25/7 30“ 35“ 40% [45/7 | 
4 ; — — ” — — — ö — 22 — 

436486 "uh .* 150 [172 193 214 236 
03 | . — nog 


— 


* 
e 


n „„ 8 


A Table of Artificial Sine, 


40 — Degrees 130. 


2 
12 


þ 


5.8082 18010. 19178209. 92 40% 
. 3 ng 4 924327 


19. 809718 0 195282 
1249. 809868 
1315 810017 
1449. 810167 


| ©o. Sec. 


g [Tan gent 
40 


4⁰⁰ 


Co. t. 400 
Tan. 130 


Secant 
40 


10.1919330.923813 


10507593 
10.07 567 3 
10.075417 


10.190731 
2 

19043 1.926378 
9.926634 
10. 19013209. 
10. 1899839927147 
10.18983319-927493 


1 0.07 150 


10.11585219.884148 
10. 11595 89.884042 


10. 1160549. 88393605 


10. 1161719. 88382 


— 
10.07 3366 


10.0728; 3 
10.072597 


110.116277 


10.11638 9.883617 54 


10. 11702309. 
10. 11712909 
10.117236[9.882764 


1509.810316 
65 
14 
189.8 10763 
199810912 
209-8110061 
2109. 81121 
9.811358 
9.811507 
9.81165 5 


9. 810 
9.81 


10. 189684 


10.1895 35 
10.18938 


10.18893c 3 
10.18879c 


10. 1 84939.929708 
2.22925. 


8 26.811952 
9.812100 


10. 188 1909.930220 
10. 1880489.930475 


10. 1879009. 930731 
10. 18775 29.930987 


9.927659 10. 0 2341 
92791510. 0/ 2085 
928171010. 071829 
10. 189237 9.928427 10.07 1573010. 1176040. 882336 
10. 1890889. 928083 10.071317 


928940110. 071 19.11787 
9. 92919610. 07080410. 11798 


10.070292 
10.070036 


10. 1173439. 882657 
10. 1174509. 8825 50 
10.117557 9.882443 


10.117771 


9. 882229 


882121 
882014 


10. 1886429. 92945 210. 070548010. 11809349. 88 1907 


0. 11820109. 881799 
10. 1183089. 287692 


10.069269 
10. obgot3 


10. 187604993 1243 


10. 1374502: 931499119: 068501 


10.068757 


10.0697 8010. 11841609 .88 584 
10.069525 10.1185 2309.881477 


10. 11863 109.88 1369 


10. 11873909. 881261032 
10. 1188479.881153]3i 
10. 11895409. 88 1046 3g 


Co.s. 40” | 
| Sine130® = | 


10.076187]10.1 15146(9.4 $84254 


Co. E Sine - 


499% Tan! 335 499 
Tag. — Degrees — 139. 
10% 15“, 20% 250% 30% [35/7 40% [457 90% [55/7 
le f 2 12 25 37 | 49. 62 7486 99 [111 123 136 
iti olmwle (45 [as ca Gs [on (91 | go 1.99 
_t2|9'B8|27i36|45 154163172181 | 90 1-99 


Tangents and Secants. 


40 — Degrees — 130. 


2 812840 


2.813135 


3299.813872 


9.815046 
9.815193 


Sine 
40? 


9.812544 
9.8 12692 


9.812988 


9.813283 
9.813430 
9.813578 
9.813725 


9.814019 
9.814166 
9.814313 
9.814460 
9.814607 


Co. Sec. 
40⁰ 5 


10. 187456 


10. 187 308 


10. 187 160 


10.187012 
10. 1868653 
10. 180717 
10. 186570 


10. 186422 


10. 186275 


10. 186128 


10. 18598 


10.185834 
10. 185687 
10. 185540 


10. 185 393 


Tangen 
40 


9.931499 
9.931755 
9.932010 
9.932266 
9.932522 
9-932778 
9-933033 
9.933289 
9.933545 
9.933800 


Tan. 130? 


10.6689 


10.097478 


Co. t. 40⁷ 


10.068245 
10. 057990 
10-0677 34 


10.c67222 
10.066967 
10.066711 
40.066455 


10.066200[10. 


Zo. s. 405 
Zine 130. 


Secant 
40⁰ 

9.88 1046 30 
9.880938 
9. 8808 30 
9.880722 
9.890613 
9. 580505 
9.880397 
9.880289 


9.880180], 
9.880072 21 


10.118954 
10. 119062 
10. 119170 
10. 119278 
10.119387 


10.119495 


10. 119603 
10. 119710 


10. 119820 


9.934056 
9.934311 
9.934567 
9.934823 
9.935078 


10. 005944 
10.065689 
10.065433 


10.065 177 
10.064922 


10. 1200379. 87996320 
10. 1201459879855 19 
10. 120254 9.8797 46018 
10. 1203630˙879637ʃ1z 


-879529]16 


9-814753 


10.185247 


9.814900 


10.185100 


9.935333 
9.935589 


10.18495419.935844 
10.184807[9.936100 


9.8 1533910. 18466 19.9363 5 


9.815485 


53 
5 


815632 
9 
9.815924 
816069 


10. 1845 159. 936610 
10. 18436809. 936866 
10.18422219.937121 


10. 1840769. 937376 


10. 18393 100 937632 
10. 18378 59.937887 
10. 18363909.938 142 
10. 1834939.938398 
10. 183348 9.938653 
10. 18320209 93890 


10.062368 
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10.061347 
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10. 12200109. 877999 
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Sine 
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-$17233 10. a> of 9 239073 


Co. t. 410 


Tan. 131® 


10. 10.0808 37 
10.0605 82 
10.060327 
10.050071 


83110. 059847 


l0.122220 
10,12233 
10.122440 


Secant Co.s. 41® 


41? 


Sine 31© 


9.877070 
9-877560 


10. 1225 509. 877450 


10. 122660 


9.877340 


877780050 


6 817813 


4 81 iy 


10. 182187 


818392 
119. 818536; 
12.818681 

113 818825 
1 9.818969 
15 9.819773 
15819257 
179.8 19401 
1809819545 
192.8192589 
7098 19832 
2109.819976 
22 9.320120 
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24 9. 5 
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1289.820979 
2909. 821122 
1352.821265 


10. 180887 


10.181031 


10. 182332 210530 
940694 
io. 182042 9.940949 
10.181897[9.941204 
10.1815 30.941458 
10. 18160809. 941714 
10. 181464.941968 
10.18131919.942223[10.057777 
10.198117519.942478 
9.9427 33110-057267 

942988110.057012 
10. 18074309. 943243 10.056757 
10.180599[9.94 3498 

10.18045519.943752 
10.18031119.944007 


10.059502 
10.059300 
10.05905G1 
10.058796 
10.05 8542 
10.05 8286 
10. o 8032 


10.056502 
10.056248 
10-05 $993 


10.122770 
10. 122880 
10. 12299 
10. 12310ʃ 
10.123211 


10.123322 


10.123432 


10.123543 
10.123653 


9.877230 
877120 
877010 
9.876899 
9.876789 
9.876678 
9.876568 
9.876457 
9.876347 


10. 1237649.820236 


10.123875 


9.876125 


10. 1239869. 87601 4 


10. 124090 
10. 124207 
10. 124318 


9. 875904 
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10.179737 
10. 179594 
10. 179450 
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10. 178878 
10. 1787386 
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9.945790 
9.94045 
9.946299 


9.946554 
9 94680* 


10.055738 
10.055483 
10.055229 
10.054974 
10.054719 
10.054465 
10.054210 
10.053955 
10.05 370 
10.05 3446 
10.053192 


10. 124429 
10.124 41 
10. 12465 2 


9.875571 
9.875459 
9.87534 


10.12470319.875237 


10.124874 
10. 124986 
10. 125097 


10. 125 209 
1110. 125320 


10.125432 
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9.875014 
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10.178735 
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41 


8 
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9.947318 
9.947 572 
9.947 826 


10.05 3192 
10.05 2937 
10.05 2682 
10.05 2428 
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4* 
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4109.822830 
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9.824527 
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9.825090 
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10. 177738 
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10. 177028 
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10.176461 
10. 176320 
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10.176037 
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10.175614 
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10. 175051 
10. 174910 
10.174770 
10. 174629 
10. 174489 
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10.081919 
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9.951042 
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10.049884 
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10. 


ro. 128699 
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Sine 1320 


10. 174064 


1110-17 392919-955454 


10. 174489 954437 
10.174349}9-95 4091 
10.174209 *954945] 


955200 


2 45563 


e 
10 045055 


10. 44800 
10. 044546 


10. 128927 
10. 129040 


10.129184 
10.1 29268 


10. 173369 
0110. 173230 


10. 173789 
10. 17364 
10. 173509 


955707 
2-955961 
950215 
9.956469 

9.255723 


10.044293 
10.04403 

(0.04378; 
69.10.0435 31 
18.945227 


10. 12949 
10. 129610 
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827189 
827328ʃ10.172672 
222 19-172533 
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828 162010. 171838 


955977 
9.95723 
9.957485 
9.957739 
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9-953246 


9. 955754 
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4 959262 
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828578010. 171422 
82871610. 151284 
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9.959516 
9.959769 
9.900023 
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10. 041500 
10.041246 
r 


10.040231 
18529977 
10.039723 


10.042769 


1 
95850 
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10.040484 


19.0494. 9 


10. 130067 
10.130182 


87 1073 
870960 
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870732 


10. 1293829. 870618 


10.129639 . 
10.129953 
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10.130411 9. 
10. 1 305 269. 


10. 131676 


10. 13064009. 80 
10.130755 869 
10. 130870. 
10. 13098509. 
10. 131100. 80 
10. 13121509. 
10. 131330 0 


10.131445. 
10. 131566009. 


829131 3 961038 
5.961291 


9.900784 


9.961545 


9.961799 


9. 96205 2 


10.039216 


10.038709 
10.038455 
10.035201 


10.037948 


10.038962} 10. 13 1907 


10.131791 
9 
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3119.829821110.170179 
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Sine 132 


10. 170041 


9. 952300010 03769410. 13248 5.86755 
96256010. 037440010 13260109. 867 399 
339.8 3009710. 169903. 9528 13010. 037 18710. 132217 · 867283 
34%. 8 302310. 1097669. 96306710. 036933010. 13283 309. 867 167 


3 9.829683 1 10.037948 10. 132369 9.867631 mg 


359. 830372010. 1096289. 963320010. 03668010, 132949) 86705 1 
369. 83050910. 16949 19. 963574010. 03642610. 133065. 866935 
37%. 83064610. 169354). 96382710. 03617310. 1331815 866819. 
389.8307 8410. 1692 1609. 96408 110. 03591910. 133297. 
39 9.83092 110. 1090 90. 96433510. 03556510. 1334140. 
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4009. 831058010. 1689429. 9645 8510 035412[10.1335 309. 80647 
4109.83 119510. 1688059. 964842 10.035 158010. 1336479. 866353 
429.83 1332010. 1686689. 965095. . 03490510. 1337639. 866237 
439.83 1469.10. 1685 39. 965 345|10:03465 1010. 13388009. 866120 
44 2.83 160610. 168 3949. 96560210. 034398010. 13399609. 86600, 
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J5 19. 832561010 1674399. 96737610. 032624010. 1348 15.865185 
4529.832697 10. 167 3039. 96762910. 03237 10. 13493209. 86 508 

53832833010. 167 167% 967883010. 032117010. 135050. 864950 
5400-8 3296910. 16703 100.968 13610. 03 186410. 135 1679.864833 


559.83 310510. 16689 59.968389 10.03 1611 10.135284]9.864716| 
569. 83324010. 1667 59.968643 10.03 1357/10. 1354029. 864598 
579.8333770. 16662 39. 968 89610. 03 110410. 1355 1909.864481 
589.8335 12010. 16648 89. 969 14910. 03085 1010. 1356379. 864363 
599.8336480. 16635 29. 96940310. 03059710. 1357559 .864245 
6009. 83378310. 1662 179. 9696 5610.030344 m0. 1358730 - 864127 
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A Table of Artificial Sines, 


43 — Degrees — 133. 


Co. Sec. 
43® 


Co. t 439 


Secant 
Fan. 143% 


43? 


10. 166217 
10. 16608 1 
10. 165946 
o. 165811 
10. 165675 


9.959655 


* 


lo 


10.1655 40 
10.165405 
oo. 165 270 
10. 165135 
10. 165001 


1 Ad 


nw wu as 
2 — 


Ez 


10. 164866 
10.164731 
8354030. 164597 
835 53810. 164462 
83557210. 164328 


9.972694 
9.972948 


LU 
>} Ow 


1915-836343 


835807 fo. 164193 
8359410. 164059 
8360750. 163925 9.973960 
83620910. 1637919. 9742 1310.025787 
10. 163657 


9-97 3454 
-97 3707 


-974406 


10.030344 
9.969909ſ10.030091 
9.9 016210 029838 
9.9704 16010. 029583 
0669 10.029331 
9.970922 10.029078 
9.97117 5/1 0.028825 
9 971429110.023571 
9-97 1682[10.028318 
9-971935]10.028065 


9.972188 


10. 136344 
10. 1364629. 86353 
9.86341 


100278120. 137054 
10.0275 5910. 137173 
10.027 30610. 137291 
10. 02705 210. 137410 


10. 02679910. 137 5 299. 862471 


10. 135873 
10.135990 
10. 136108 
10. 136226 


10.136581 
10. 136699 
10. 136817 
10. 136936 


9.863774 
6 


10.025534 


10.0205 4610. 1376479. 862353 
10.026293 10. 1377669. 862234 
10. 02604010. 13788 59. 862115 
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10. 13812309. 8 


10. 163523 
110. 7163 389 
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2110. 162988 


10. 162854 
10. 162721 
837412010. 162588 
10. 162454 
10.162321 
10. 162188 


3-97 07 44 
977250 


9.9747 1910.025281 
9-97 497 3119-025027 
9.97 5220j110.024774 
9-975479110.024521 
9-975732110.024205 


10.138242 
10. 138362 


10. 138600 


10. 138481 


10. 138720 


9.97598 5/10. 024015 
9.976 238110.023762 


10.02 3505 


10. 1388 3900. 
10. 1389599. 86 1041 


10.023250 


9 975997 /o. o2 3003 
10.022750 
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46? 
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9.837812 
9.837945 
9.838073 
9.838211 


10.162188 
10.162055 
10.161922 
10.161789 
10.161656 


97977250 
9.977303 
9.977756 
9.978009 
9.978262 


10.022750 
10.022497 
10.022244 
10.02 1991 
10.021738 


Secant 
430 


10. 139438 


10. 1395758 
10. 139678 


10. 139798 
10. 139918 


Sine 1337 


9.868562 
9.860442 
9.860322 
9. 860202 
9.860082 


9.838477 
9.838610 
9.838742 
9.838875 


10. 161523 
10. 161390 
10. 161258 
10. 161125 
10. 160993 


9.978515 
9.978768 
9.979021 
9.979274 
9979527 


40 
41 
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++ 
45 
46 
47 


49 


3919 839007 


4819-340: 90 


9.839140 
9.839272 
9.839404 
9.839576 
9.839668 
9.839800 


9.839932 
9.840064 


9.840328 


10. 160860 
10. 160728 
10. 160596 
10. 160464 
10. 160332 


10. 160200 
10. 160068 
10. 159936 
10. 159804 
10. 159672 


9.979780 
9.980033 
9.980286 
9.9805 38 
9.280791 
9.98 1044 
9.981297 
9.981550 
9.981803 
9.982056 


9.840459 
9.840591 
9.840722 
9.840854 
2840285 
9.841116 


10. 159015 


> 


10. 15 8229 


10.159541 
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10.159146 


10. 158884 
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10. 158622 
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10. 158360 
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9.982309 
9.982562 
9.982814 
9.983067 
9 983320 
9.983573 
9.983826 
9.484079 
9.984331 
9.984584 
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10. 02148 5 
10.021232 
10.020979 
10.020726 
— 
10. 20220 
10.019967 


10.019714 
10.019462 


10.019209 


10.018950 
10.018703 
10.018450 
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10.017944 
10.017691 
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10.017186 
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10 016680 
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10.015669 
10.015410 
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10.140158 
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10. 140399 
10. 1405 20 
10. 140640 
10.140761 
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10. 141123 


10.141244 
10.141365 
10.141486 


10.141607 
10.141728 


10. 141849 
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9.859235 
9.859119 
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9.858877 
9.858756 
9.858635 
9.858514 
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9.858272 
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9.850934 
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A Table of Artificial Sines, 
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842163 
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9.984837 
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10.157960 
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10.014152 


9.842424 
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10.013140 
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119. 843206 
84333 
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10. 1567949. 987618 
10. 15666 
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10.012382 
10.012129 
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9.845533 


9.845662 
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10. 1561459.988882 
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10. 1558869. 98938 


10.15575719-989640 


10.01137 
10.011118 
10.0 10866 
10.010613 
10.010360 


10. 14306609. 856934 
10 143 1889.856812 
9.8566 
9.856568 
9.856446 
9.850323 
9.356201 
9.856078 
9.855950 
9.855833 
9.855721 
9.855588 
9-855405 
9.855442 
98852196 
9.855096 
9.854973 
9.854850 
9.854727 
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10.153432 
10.143854 
10.143677 
10. 143799 
10. 143922 
10. 144044 
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10. 144535 
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10. 144781 
10. 144904 
10.145027 
19. 145 150 
10.145273 
10.145 397 
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10. 15 56289. 999893 
10. 1554989.990145 
10.155 3699.990398 
10.155240 990651 
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10.009902 
10.009349 
10.009097 


10.154952[9.991156 


10. 15485 39.991409 
10.154724 9.991604 
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10.154467j9.992167 
10.154338j9.992420 
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10.008844 
10.008591 
10.008338 
10.008086 
10. 07833 
10.007 5 80 


10. 145 520 
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10.145767 
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10. 146014 
10. 146138 
10. 146262 
10. 146386 
10. 1465 10 
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9.854480 
9.854356 
9.854233 
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9.85 3862 
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Tangents and Secants. 
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Sine | Co. Sec. Tangent | Co.t. 44% Secant co. s. 44® 
449 | 44% | 449 Tan. 134 44% sine 134 
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9.845662 10. 1543399. 992420010. 00 5 80/10. 14075 d 09. 85 3242030 
9.845 79010. 1542 009. 99207210. 00) 328010. 146882 9.85311. 
9.845 91910. 15408 109 992925 10. oo o75 14700009. 85 2994028 
9.846047 10. 15 395 39.993 17d 10. 00082210. 147 131.85 2869027 
9.846175 10. 15 3825.993430 10. 00657010. 14725 5 985274526 
359.8463040. 1536969. 99368 3,10. 00631710, 1473809 852620025 
3609. 84643210. 15 35689. 99393610. 00606410. 147 504). 85 2496 
379.8465010. 15 34409. 99418910. 0058 11010. 1476299 852371]: 
389.8468810. 1533 129.99444 10. 005 559/10. 147753852247 z2 
399.8468 16010. 153 1849.994694 10. oo5 300010. 147 87 509. 852122021 
409-340944[10-15305019.994947|10-005053/10-148003]g.851997 
419.8470 110. 1529299. 995 199/10. 00480110. 148 4289.85 1872 
1429-847 199.10. 152801. 99545 210. oo4 548010. 14825 39.85 1747 
43984732710. 15 267 309.9957050. 00429510. 14837 809.85 1622 
4419-847454[19-15254919-995957[10.004043]10-14850319.851497 
459.8475 82010. 15 24189. 9962 1010. 00379010. 14862809. 85 1372 
45984770910. 15229 19.996468 10. 0035 3710. 1487549. 35 1246 
479.847 83610. 15 2 1649. 9967 1510. 00328510. 1488799. 85 1121 
1489 .847904 (10. 15 203009. 9969610. 00303210. 1490049. 850996 
14990-84809 1010. 15 190909. 997 22110. 002757910. 1491 3009. 850870 
509. 848218010 1517829.99747 3010. 00252710. 149255. 850745 
5 100.8483450 15 165 59.9977 20010. 0022740. 14938 10.850619 9 
52984847210. 1515289. 997 97910. 002 110. 1495079. 850493 8 
539.848 599,10. 15 401.9982310. 00176910. 1490329. 80358, 
549.8 48726010. 15 1274.998484 10.00 15 10010. 1497 5 8%. 850242 gf . 
559.8488 5210.15 11489. 99873710. 00126310. 14988409. 8501 165 
569.8489710. 15 102 10.998989 10. 001011010. 1500109. 849990 
579.849 10610. 1508949. 999242 10.0007 5810. 150130. 849804 
| 5819-8452 32110.15076819.999495 10.000505 10. 1502629. 849738 
59.8493 59/10. 150649. 999747 10. ooο5 3010. 1503899. 849611 
9.849480. 1505 15[10.000000[10.00c000[10.15051,19.8494355 


Www uw w 
— 


2 


Co. s. 45 Secant Co. t. 45 Tangent [Co. ſec, | Sine 
Sine 135% 452 Tan. 135% 450 45? 45? 


45 — Degrees'— 135 


i | 5 10% [15 ao, 25% 30% [35 40 [45/7 [50 [5.577 


- ——— 
- 


hs | | „„ 
E 4 Tas 42 | 63 957 105 95 ot 169 |190 [211 beer 


mY 


—_— = 


A Table of Angles, which every Rumb (or Point. 


— — 


9 


—— 


of the Compaſs) maketh with the Meridian) 


North 


South 


D 
5 
— 
= 


North 


- 


South 


Uu 


88 E 


ID 4 my by 


N A= 


e 


NA 


S. Weſt 


e 


G PANT | www ess 


f dime | 


NN 


WNW 


221 On 0 


= 


— 


The Logarithmic Sines, Tangents, and Secants to every | 


Point and Quarter Point of the Compaſs. 


Co- . 
tangents Secants [Co- ſines 


= | , Co- 
8 Sines. | ſecants | 2ngents 


— — „ 


© [0.0000 Infinite | 0.00000 Aa 10.00000 10.00000 $- 
| oz gs 69080011. 30920 8.691301 1. 3086800. o005 20 9.99948 74 
or 8.991301 1. 0870 8. 9934001 1. 0066010. oo 10 9.99790 72 


| of 9.1665 210. 83348 9.17125ʃ10. 8287510. 00473] 9.995 27 74 


3 
1 9. 29024010. 70976 9.29866 10. 70134 10.0084 9.991577 


11 9.385 5710. 61443] 9.39879 10. 60121 10.013210 9.98679] 64 


14 9.4628 2.10. 537 180 9.48 19410. 5 1806010. 0 1912] 9.98088 62 
14 9.527490. 47251 9.55 365110. 44535 10.026160 9.97384 61 


2 9. 58284010. 417160 9.61722 10. 38278 10. o343 8 96562 6 


24 9. 6309910. 3690 1 9.6748 3010. 325 1710. 04384 9.95616 54 
24 [0.67 33910. 326610 9.72796 10. 27204 10 05456] 9.94543] 52 
24 [9-71105 10.28895 9-77770110.22230[10.06665] 9.93335 57 
3 9.7447 4l10 25526 9.82489 10. 155 110. 08015 9.91985 
34 9.77503 10.2497 9.87020 012986 19.09517 9.9048 . 4 
32 9. 802 36010. 19764 9.91417 [10.0858 310. 11181 9.88819] 4x | 


32 9. 8270810. 172920 9.957 29.10. 0425 1010. 1302 f 9.86979] 44 


4 19-$4948[10.15052[10.00000[10.00000 10.1505 9.84948 4+ * 


[Co- fines} Secants Co- Tangents Co- 


Sines | 5 
tangents ſecants WP 


This Table is. calculated to the neareſt Second, for every Quarter 
Point of the Compaſs ; and is beſt for Practice in Plane and Mercator's 
Sailing, although not uſed in elucidating thoſe Parts of Navigation, that 
the Learner may accuſtom himſelf to take the Logarithmic Sines, 


Tangents, &c. from the preceding Tables, as a Preparation for his 
aſtronomical Studies. 
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VERY EASY METHO 


To CLEAR the 
OBSERVED DISTANCE 
Between the 
S. UN and W ON or 8 T AR, 
From the EFFECT of 


PAR ALL AX and REFRACTION; 


OR 
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Dunthorne's Method improved 


Printed for MOUNT and DAVIDSON, _ 3 


To bind up with ATKIN SON's EPITOME of NAVIGATION: # 


[Entered at Stationer's Hall.] "= ; 
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In the Gone method, it is uppoſed . the "oi of * ; | 
Nautical-Almanac, and requiſite Tables is already 100 1 of "7 | 
not, the precepts there laid' down are ſo plain, that . nathil K ba 
that head can be ſaid to advantage, particularly - in the) | 8 : a 7 J 
Tables that are wanted i in the following 


P R FA * 


AKE half the difference of the clifirved altitudes ; alſo half the obe 
diſtance of the centers of the moon and ſan, or ftar ; the ſam of theſe ne 

call S. their difference call D. Then to the conſtant logarithm o, NE add 
the log. fine of S, the ſame of D, and the logarithm taken from Table IX of the | 


ill be the logarithm of a Natural Number. = 
When the moon's altitude is the Oral add the ſam of the _ 


dire VIII and I of the requiſite Tables) for parallax and refraction, to the A 
ifference of the altitudes, and take the natural coſine of the ſum , from which ; 


— of the true diſtance. 
EXAMPT E L; 


1 altitude of moon's center 509 -» WF. = 1 327. Kftance CE k 
centers 61. 8/ .. 40, horizontal parallax 54/ · 260 = 


D Alt- Jos. 387 | Conſtant Log. - 0.301030 7A = | 
© Alt- - 6 -- 32 Sine $ - - = 9.900176 _ 
; —  |SineD - - - 9.170828 _—__ 
* Dif. © - 44 6 Log. Tab. IX - 9.986870 I = 
Z Diff. - - $$4- 3 Sum - - = - 9.366904 Number 23275 


rc — 1 
; Che) —|* Diff. - 4% 67. of 2 
Sum 52. 37. 208 Tab. Io . 7 50 | . 


Dial. |. "FD Ty o -33 +44, 

JJ 4 

553335 — 99 - * 44 7 34 Nat Coin joy 
| True Dit.. - 61 ; 56 Nat. Cofine 4769 
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When the moon's altitude is the leſs, the 1 is the * only taks the dif. 
ference between the ſum of the corryliions i YA and 1) _ os ne 


of the altitudes. ; 8 7 6 1 
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True Diſtance 89 «+29 15 a 


* * 
** : 1 
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Conſtant Log. - 0.301030 . 
Sine 8 9.967234 
Sine =D - 9.828400 
Tab. Ix Log: 9.997723 
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